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I. SUMMARY 


Tests were conducted to determine the detailed aerodynamic performance and noise character- 
istics of a highly-loaded, single-stage fan composed of a low-speed (1000 ft/sec), slotted rotor 
and a stator redesigned with lower loadings (diffusion factor less than 0.5). Earlier tests of 
this fan had indicated that stall margin could be improved by redesigning the stator for lower 
loadings. Loadings were reduced by increasing flowpath convergence across the stator and by 
allowing an increase in stator exit Mach number to just under 0.6. The stator redesign also 
included a reduction in aspect ratio from 3.67 to 2.46, an increase in blade solidity of seven 
percent, and a reduction in the number of blades from 64 to 50. Tests were conducted with 
uniform inlet, hub-radial, tip-radial, and circumferentially distorted inlet flow with a solid 
case and with skewed slots casing treatment over the rotor tip. Stator blades were adjustable, 
permitting optimization of performance. Acoustic measurements were made in the inlet ple- 
num and downstream of the stator blades for uniform inlet flow at two stator-setting angles, 
with and without casing treatment. 

Stage optimization tests were conducted with uniform inlet flow with the stator angles set at 
nominal (design), 5 degrees open, 5 degress closed, and 1 0 degrees closed. (An open setting 
angle results in increased air incidence angle compared to the nominal setting.) The nominal 
setting angle provided the best combination of high stage-efficiency and good stall-margin. 
Additional performance tests were conducted with the stator 10 degrees closed to obtain a 
wider range of rotor data. 

With the stator at its optimum (nominal) setting angle, a design -speed stage pressure ratio of 
1.478 and an efficiency of 88.3 percent were achieved at the design flow of 180 lb/sec. A 
fifteen percent stall margin was demonstrated at design speed based on a design flow operating 
point at 180 lb/sec. The addition of rotor tip treatment had no effect on stall margin when 
the stage was operated at design speed and uniform inlet flow but caused a two percentage 
point drop in the peak efficiency of the stage. 

Tip-radial distortion (AP/P max = 14 percent covering 40 percent annulus area) caused a loss of 
1 1 percentage points in stall margin at 95 percent of design speed when the rotor had a solid 
casing. Rotor tip casing treatment recovered seven of the eleven percentage points in stall 
margin. With distorted inlet flows, the highest speed tested was 95 percent of design. 

Hub-radial distortion (AP/P max = 10 percent covering 40 percent annulus area) at 95 percent 
of design speed with solid rotor tip casing increased stall-margin about eight percentage points 
but decreased pressure ratio three percent compared with uniform inlet and solid rotor tip 
casing. The addition of rotor tip casing treatment further increased stall-margin for a total in- 
crease of 1 8 percentage points over uniform inlet with solid rotor tip casing. 

Circumferential distortion (AP/P max = 14 percent covering 90 degrees of inlet annulus area) 
had little effect on performance at 95 percent of design speed with or without casing treatment. 
However, rotor tip casing treatment provided an eight percentage point improvement in stall- 
margin at 80 and 90 percent of design speed. 


Although casing treatment over the rotor tip increased stage tolerance to all three types of 
inlet flow distortion, there were small decreases in adiabatic efficiency. 

Closing the stator setting angle 10 degrees from its nominal position did not appear to change 
the level of noise. Comparisons were somewhat complicated by the differences in operating 
condition at wide open throttle with the two stator-settings. The addition of skewed slots 
casing treatment over the rotor tips had no measureable effect upon fan inlet noise. 
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II. INTRODUCTION 


The object of this program was to determine the aerodynamic performance characteristics of 
a highly loaded, low-speed fan stage that would be applicable to a low-noise engine. Previous 
tests of this fan with solid airfoils [ref. 1 ] showed an encouragingly high overall efficiency but 
the flow range (i.e., stall margin) was poor. Tests with slotted blading [ref. 2] showed slight 
improvements in stage efficiency but no improvement in stall margin. Tests with vortex gen- 
erators on the outer case forward of the rotor and with a honeycomb structured rotor tip 
casing treatment were not completely successful in improving the stall margin or tolerance to 
tip-radial distortions without severe penalties in efficiency with uniform inlet flow [ref. 2] . 
These tests [ref. 1 & 2] proved that the stator hub was critically loaded and causing stall. 
Although stator hub slit suction had improved this situation somewhat, indications were that 
a redesigned stator would be more effective in improving stall-margin. Therefore, the program 
was extended to include redesigning the stator and adjoining flowpath and retesting the fan 
stage. The redesigned stator blades were made adjustable to permit a more nearly complete 
evaluation of rotor and rotor-stator range potential. 

Various rotor tip casing treatments have been successful in improving the tolerance of stages 
to inlet flow distortions [ref. 3]. Skewed slots casing treatment has proven to be very good 
from the standpoint of increasing stall-margin with only small penalties in efficiency for opera- 
tion with uniform inlet flow. Therefore, a skewed slot casing treatment insert was fabricated 
and tested as part of this program. 

Noise design criteria were compromised only slightly by the redesigned stator. The axial 
spacing between the rotor and stator was decreased from 2.0 to 1 .88 rotor-hub-chord lengths. 
The number of stator vanes was reduced from sixteen plus twice the number of rotor blades 
to two plus twice the number of rotor blades, a vane-to-blade-number ratio which still satisfied 
noise cutoff theory [ref. 4], Further criteria used for the basic fan design are reported in 
reference 5. 

This report presents the results obtained during testing of a highly-loaded, low-tip speed fan 
stage with redesigned stator. The testing included running both with and without rotor tip 
casing treatment (skewed slots) and with uniform inlet, tip-radial, hub-radial, and circumfer- 
ential inlet distortion. Stator setting angle was also evaluated. Details of the stator and casing 
treatment design are given. Noise data are presented for the solid rotor tip case and for the 
skewed slots rotor tip case; both these cases were tested with uniform inlet flow. 
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III. APPARATUS AND PROCEDURES 


A. TEST COMPRESSOR 

1 . Overall Design Description 

Tests with unslotted and slotted blades [ref. 1 & 2] had shown that stator stall severely limited 
the fan stall-margin (defined in Appendix A). The stator (Figure 1) used in the test reported 
herein was redesigned with more flowpath convergence and a higher solidity to reduce load- 
ing and with a lower aspect ratio to improve loading capability. Aerodynamic conditions for 
the redesigned stator were calculated using rotor performance data from the slotted blading 
test [ref. 2] . The rotor blades (Figure 2) used were those of reference 2. Provisions were 
made for varying the stator angle setting, 7 0 , (defined in Appendix A) to optimize fan per- 
formance and to provide additional stator stall range capability for rotor tip casing treatment 
tests. 

A schematic of the fan stage mounted in the test rig is shown in Figure 3. This single-stage 
fan was originally designed with a tip speed of 1000 ft/sec, a hub-to-tip ratio of 0.39, a correct- 
ed flow per unit annulus area at the rotor leading edge of 42 lb/sec/ft , and a total corrected 
flow of 185 lb/sec [ref. 5] . The original-design rotor pressure ratio was 1.54 and the overall 
stage pressure ratio was 1 .50. A constant outer diameter was chosen to permit maximum flow 
convergence at the rotor hub, thereby providing a maximum rotor-exit wheel speed. De- 
signed air turning at the rotor hub was 72.6 degrees, which resulted in a rotor exit relative 
air angle of -39.6 degrees. 

Based on the experimental data of reference 2, the stage design point for the new stator was 
selected at a total corrected flow of 179.7 lb/sec (41.17 lb/sec/ft^), a rotor pressure ratio of 
1 .523, and an overall stage pressure ratio of 1 .478. The running rotor tip clearance was 0.04/1 
inch at design speed with the solid outer case and 07036 inch with tip casing treatment. The 
stator hub and tip endwall clearances were both 0.038 inch at the leading edge during the 
monimal stator-angle configurations. These clearances were necessary to provide for the var- 
ious stator-setting angles. 

2. Redesign Stator 

Design parameters of the original and redesign stators are compared in Table 1. 
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TABLE I 


DESIGN PARAMETER COMPARISON FOR ORIGINAL AND REDESIGN STATORS 

ORIGINAL STATOR REDESIGN STATOR 


exit-annulus-area/inlet-annulus-area 
hub solidity 

aspect ratio (average vane length to 
hub aerodynamic chord) 
aerodynamic hub chord 
number of vanes 


.953 

.914 

2.17 

2.33 

3.67 

2.46 

1.83 

2.60 

64 

50 


A reduction in stator aerodynamic loadings was achieved primarily by designing an additional 
four percent annulus convergence into the stator hub flowpath and allowing the stator exit Mach 
numbers to reach 0.6 near the hub. The revised and original flowpaths are shown in Figure 4. 
The number of stator vanes was reduced from 64 to 50 to obtain a lower aspect ratio without 
exceeding noise guidelines. The reduced vane-to-blade-number ratio was still sufficient to 
prevent propogation of the fundamental blade-passing-frequency noise, according to the cutoff 
theory [ref. 4] . Low aspect ratio (increased chord length) blading has demonstrated increased 
endwall loading capability in cascades [ref. 6] and increased stall-margin in compressor tests 
[ref. 7] . Solidity was increased from 2.17 to 2.33 at the hub to provide additional reduction 
in loading. The increased solidity had much less effect on loading than the increased flow- 
path convergence. The constant annulus area section between the rotor and stator (Figure 4) 
was shortened 0.74 inch to accommodate the longer chord stator. The resulting rotor-stator 
spacing was 1 .88 rotor-hub-chord lengths. Streamline calculations for the original and redesign 
flowpaths showed only very minor changes in flow distributions (e.g., maximum velocity 
change at the stator inlet was 10 ft /sec). This small shift in flow should not have an effect on 
rotor performance. The stator trailing edge axial location was kept the same as the original 
design to permit use of existing outer flowpath casing while preserving the original spacing be- 
tween the stator blades and the rear bearing support struts. 

Velocity vector diagrams used to redesign the stator airfoils were obtained from a flowfield 
calculation containing the modified flowpath and the aerodynamic performance from a par- 
ticular data point with the slotted rotor [ref. 2] . Calculations were based upon radial distribu- 
tions of rotor pressure and temperature ratios from the selected data point at 1 00 percent de- 
sign speed having a corrected flow of 1 79.7 lb/sec, a rotor pressure ratio of 1 .523, and a rotor 
efficiency of 93.2 percent (see Appendix D). This point was 0.5 percentage point lower in 
stage efficiency and three Ib/sec higher in flow than the maximum efficiency point at near-stall, 
but it was chosen because its higher flow rate would be expected to provide additional stall- 
margin. Stator losses from this data point were modified to account for the reduction in pre- 
dictated aerodynamic loading (diffusion factor), the increase in vane solidity, and for effects of 
stator hub slit suction which was used with the original stator but not with the redesign stator. 

A correlation of loss parameter versus diffusion factor (Figure 5-A) was used to make the adjust- 
ment for aerodynamic loading. This correlation represents data from transonic stator tests 
[ref. 1 & 8] . The measured midspan (20 to 80 percent) total loss parameters from the selected 


5 


data point were reduced by the ratio of loss parameters determined from the Figure 5-A, 
using the diffusion factor levels from both the selected data, point and the predicted lower 
loadings of the redesigned stator. The endwalls were treated similarly except that the adjust- 
ment was made to the measured total loss parameter minus the endwall loss parameter incre- 
ments (Figure 5-B) since these increments did not appear to be a function of loading. Follow- 
ing these adjustment, endwall loss parameter increments were readded, where applicable, and 
the total loss coefficients, co, were calculated using the solidity values of the redesigned stator. 
An additional adjustment, increasing the losses in the hub region (5, 10, 15, and 30 percent 
span), was made to account for the absence of hub slit suction. These adjustments were based 
upon the difference in loss coefficients from tests with slit suction and tests with the slots 
covered [ref. 1 ] ; referenced data at design speed near the design pressure ratio were used. 

The estimated tip-losses were also reduced slightly to reflect lower losses anticipated using 
DCA airfoil sections in lieu of the MCA sections used previously. Spanwise distributions of 
stator loss coefficient, showing the various adjustments made to the measured test results, 
are shown in Figure 5-C. 

/ 

Blockage factors, K, were used to account for boundary layers on casing walls and the block- 
age of the stator wake. The continuity equation using K and the equation used to calculate 
K for the unmixed stator wake are given in Appendix A. The spanwise distributions of K for 
calculating stations at rotor and stator leading and trailing edges are shown in Figure 6. The 
same K values were used in the analysis of the slotted rotor and stator tests [ref. 2] . 

The entire process of design involved an iteration in which blade losses, loadings, and velocity 
vectors were involved. The selection of blade losses affected the calculated velocity vectors 
which determined blade loadings; blade loadings in turn affected loss estimates. The cycle was 
repeated until satisfactory agreement was reached. The resulting radial distributions of meri- 
dional velocities, aerodynamic stator loadings, stator inlet and exit Mach numbers, and inlet 
air angle are shown in Figures 7, 8, 9, and 10 respectively; comparisons with the original design 
are also shown. The most significant results of the redesign was the reduction in stator D- 
factor from 0.61 to 0.47 at five percent span from the hub. 

The airfoil sections of the redesign stator were basically miltiple-circular-arc (MCA). Span- 
wise distributions of front chord, front camber, and location of maximum thickness were 
selected to give low curvature entrance regions for high Mach number hub sections, fairing 
smoothly to nearly a double-circular-arc (DCA) airfoil for the lower Mach number region at 
the tip. This transition from MCA to DCA is represented in Figure 1 1 by a curve of the cam- 
ber distribution parameter as a function of percent span. The camber distribution parameter, 
r, is defined as the ratio of the mean-line radius of curvature of the DCA airfoil to the radius 
of curvature of the MCA front section. This ratio describes an MCA airfoil relative to a DCA 
airfoil with the same total camber and chord and equals unity when the MCA and DCA air- 
foils have identical mean camber lines. DCA (nearly) tip sections were chosen based on data 
which showed that this type of section has lower loss than MCA sections with low cambered 
entrance regions when inlet Mach numbers drop below 0.7 [ref. 9] . 

Transition between front and rear chord sections was set at the covered channel entrance 
point on the suction surface for the hub sections and at approximately 50 percent chord for 
the tip sections. The axially projected transition location of the stator is shown in Figure 12. 
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Maximum-thickness to chord ratio varies linearly from 0.041 at the hub to 0.072 at the tip 
(Figure 13-A); this is similar to the original design which had demonstrated mechanical integrity 
and reasonable losses. Near the hub, airfoil section maximum thickness was located at 56 per- 
cent of chord (Figure 1 3-B) to provide the minimum leading edge wedge angle without creat- 
ing a cusp shape in the forward portion of the airfoil. 

Incidence angle at the hub was set at near zero degrees to the suction surface, based on min- 
imum loss data from reference 9. Tip incidence angle was set at minus 6.1 degrees based on 
Pratt & Whitney Aircraft’s correlation of DCA airfoil cascade data. Figure 14 shows the span- 
wise distributions of incidence angles for the redesign stator. The “hump” in the distribution 
of the incidence angle near the tip existed because the stator-redesign inlet air angle, taken 
from the selected data point with 179.7 lb/sec flow [ref. 2] , had a corresponding variation 
(Figure 10), but the selected distribution of suction surface and mean camber-line metal angle 
was smooth (Figure 15). Stator deviation angles were established using Pratt & Whitney Air- 
craft’s cascade turning correlation with a small adjustment to reflect data from previous slot- 
ted-tests [ref. 2] . Figure 16-A shows the predicted deviation angles for the redesign and the 
original stators. Figure 16-B shows the difference between the predicted deviation and a form 
of Carter’s rule which considers the location of maximum camber [ref. 5 ] . Stator discharge 
flow was designed to be axial with the nominal stator-setting. 

The spanwise distribution of minimum (throat) channel area to critical area, (A/ A*) min., is 
presented in Figure 17. Channel distributions of A/ A*, Figure 18, showed that the minimum 
area occured at the channel entrance for all spanwise locations. Spanwise distribution of 
(A/A*) min. (Figure 17) was controlled by leading edge incidence and front camber selection. 

At the hub, (A/A*) min. was selected to provide additional stall range compared to the original 
design. Potential-flow studies of the redesigned stator hub (method described in reference 
10) showed that the critical channel-areas, (A/A*) min., would cause high local velocities near 
the channel entrance on both the pressure and suction surfaces. These velocities were reduced 
in the stator redesign by providing additional front camber. The calculated velocity distribution 
over the airfoil surface at 10 percent span from the hub are compared for the original and re- 
designed stator blade in Figure 19. The reduced suction surface velocity gradient of the re- 
designed stator, compared with the origina* stator, should slow the boundary layer growth 
and delay stall to lower values of airflow. 

At the tip, (A/A*) min. was the result of selecting near-DCA sections and incidence angles from 
cascade data as previously described. The distribution of (A/A*) min. from hub to tip (Fig- 
ure 17) was guided by a previous correlation with stator inlet Mach number [ref. 9] which 
was based on minimum loss and not optimum stall-range. 

Stator geometry on design conical surfaces is summarized in Appendix B. Stator-vane metal 
angles and solidities for the nine streamlines on which measurements were made are listed in 
Table II. For manufacturing purposes, the airfoil sections were redefined on planes normal 
to a radial stacking line. The resulting airfoil coordinates are given in Appendix C. 
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TABLE II 


STATOR VANE REDESIGN VALUES 
(Stations 11 and 12 of Figure 28) 



. Diameter 

Diameter 

Mean 

Leading 

% Span 

at Lead- 

at Trail 

Edge Metal 

From 

ing Edge (in.) 

ing Edge (in.) 

Angle 1 

Hub t 

(Station 11) 

(Station 12) 

(Deg.) 

5 

17.95 

19.37 

52.73 

10 

18.66 

19.91 

49.62 

15 

19.36 

20.48 

46.76 

30 

21.44 

22.27 

40.20 

50 

24.19 

24,67 

35.84 

70 

26.93 

27.19 

33.03 

85 

28.97 

29.12 

32.98 

90 

29.69 

29.76 

33.78 

95 

30.32 

30.40 

34.66 


Mean 
Trailing 
Edge Metal 

Suction 
Surface 
Leading 
Edge Metal 

Shock 


Angle 12 

Angle 0* ,, 

Angie 

Solidity 

(Deg.) 

Deg.) 

(Deg.) 

O 

-16.40 

55.25 

45.34 

2.24 

-16.26 

52.29 

43.00 

2.17 

-15.68 

49.66 

40.51 

2.09 

-11.59 

43.85 

34.44 

1.90 

- 8.01 

40.46 

. 28.05 

1.69 

- 9.07 

38.66 

24.65 

1.52 

-11.18 

39.36 

23.13 

1.41 

-11.41 

40.35 

23.07 

1.37 

-11.61 

41.41 

23.02 

1.34 


t Data are for points along design streamlines which pass the rotor blade trailing edge at the specified 
span locations. 


3. Rotor 

The slotted rotor (Figure 2) whose test results were reported in reference 2 was used for these 
tests. The blade aspect ratio was 1 .92 and was based on the average blade length of 8.6 inches 
and the aerodynamic root chord. The rotor inlet hub-to-tip ratio was 0.392. Rotor blade 
metal angles and solidities are shown in Table III for the nine streamlines at which blade ~ 
element data are reported. Details of the unslotted multiple-circular-arc design were report- 
ed in reference 5. The two airfoil slots located in the outer section of the blade were designed 
to reduce endwall losses and to improve rotor stall range. The slot design was reported in 
reference 2. 

4. Rotor Tip Casing Treatment 

A rotor tip casing treatment, similar to the skewed slots No. 2 configuration used successfully 
in reference 3, was used for these tests. Figure 20 shows a photograph of the casing treat- 
ment, and in Figure 21 there is a sketch which shows dimensions. The depth of the skewed 
slots (approximately 0.31 inch radially) was approximately equal to the No. 2 configuration 
of reference 3. The slots covered the middle 60 percent of the blade tip chord and were par- 
titioned at the center. Each slot was 1/8 inch wide and separated by a 1/16 inch land. Slots 
were skewed (slanted) 60 degrees off radial into the direction of rotor rotation. 
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TABLE III 

ROTOR BLADE DESIGN VALUES 
(Stations 5 and 6 of Figure 28) 


% Span 

Diameter 
at Lead- 

From 

ing Edge (in 

Hub * 

(Station 5) 

5 

13.12 

10 

14.10 

15 

15.17 

30 

18.28 

50 

22.19 

70 

25.88 

85 

28.45 

90 

29.32 

95 

30.15 


Diameter 

Mean 

Leading 

at Trail- 

Edge Metal 

ing Edge (in.) 

Angle,/^' 

(Station 6) 

(Deg.) 

16.03 

34.17 

16.79 

35.01 

17.58 

36.17 

19.91 

39.54 

23.09 

43.57 

26.26 

46.96 

28.61 

49.58 

29.41 

50.56 

30.18 

51.58 


Mean 

Suction 

Surface 

Trailing 

Leading 

Edge Metal 

Edge Metal 

Angle, j3£ ; 

Angle j3* ' 5 

(Deg.) 

(Deg.) 

-36.78 

41.08 

-31.13 

41.66 

-26.88 

42.46 

*13.70 

45.23 

4.53 

48.58 

20.02 

51.19 

30.03 

53.28 

32.29 

54.09 

34.15 

54.97 


Shock 


An 9 le f'sh 

Solidity 

(Deg.) 

o 

27.18 

2.43 

28.44 

2.29 

29.31 

2.16 

32.64 

1.90 

38.14 

1.69 

43.54 

1.53 

46.56 

1.44 

47.69 

1.41 

48.69 

1.39 


fData are for points along design streamlines which pass the rotor blade trailing edge at the specified span 
locations. 


B. TEST FACILITY 

The test program was carried out in the sea level test stand shown schematically in Figure 22. 
The stand was equipped with a gas-turbine drive engine using a 2.1 : 1 gearbox to provide the 
optimum speed-range capability. The entering airflow was measured through a calibrated noz- 
zle. From this nozzle, the air flowed through a 72-foot straight section of a 42-inch diameter 
pipe to a 90-inch diameter inlet plenum. A wire-mesh screen was located midway through the 
plenum to provide uniform pressure distribution to the test compressor. Compressor discharge 
was exhausted into a toroidal collector and into a six-foot diameter stack. A six-foot diameter 
valve in the exhaust stack and two smaller valves in the bypass line provided accurate control 
of the back pressure to the compressor. 

Inlet distortion patterns were created by overlaying screens of various mesh sizes to produce 
the desired pressure drop. The screens were mounted on a supporting one-inch mesh base- 
screen (Figure 23). The screens used for tip-radial, hub-radial, and circumferential distortion 
are shown on Figure 24. The screen used for tip-radial distortion was the same as used in pre- 
vious tests [ref. 1 & 2] and covered the outer 40 percent of the annulus area at the screen 
location (Figure 3); the level of distortion (1 - P - n /P max ) was equal to 14 percent at 95 per- 
cent of design speed with wide open throttle. The screen for hub-radial distortion tests covered 
the inner 40 percent of the annulus area at the screen location; the distortion level was 10 
percent with wide open throttle at 95 percent of design speed. The screen for circumferential 
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distortion covered 90 degrees of the inlet annulus with a distortion level of 14 percent at 95 
percent of design speed. The circumferential screen was rotated to six positions so that twelve 
circumferential readings could be obtained with dual instrumentation. 

Several different inlet configurations were required for the various types of testing performed 
during this program. As shown in Figure 3, performance testing with inlet flow distortion was 
done with distortion inducing screens positioned 32 inches upstream of the rotor blade lead- 
ing edge. For performance testing with uniform inlet flow, the distortion screen and its sup- 
port struts were removed and the tip of the stationary nose cone was 30 inches upstream of 
the rotor leading edge. A photograph of the uniform inlet flow configuration is shown in Fig- 
ure 25. For noise measurements, all the inlet support struts were removed and the stationary 
nose fairing was replaced with a short rotating nose cone, Figure 26. 

The same discharge section was used for all tests and included eight discharge support struts 
located seven inches downstream of the stator. 

A split-ring outer case over the rotor was fashioned from the original case"and was’ used to sim- 
plify changing the casing configuration. 

C. INSTRUMENTATION AND CALIBRATION 

1. Aerodynamic Instrumentation 

Airflow was measured with a flow nozzle designed to ISA specifications [ref. 11]. Flow mea- 
surements made with this system are accurate to within one percent. 

Compressor speed was measured with an impulse-type pickup which is an electromagnetic de- 
vice that counts the number of gear teeth passing within an interval of time and converts the 
count to revolutions per minute. The accuracy of the speed measurements was within 0.2 per- 
cent of indicated speed between 3600 and 8900 rpm. 

The instrumentation used for measuring the overall and the blade^element performance data 
is listed in Table IV, and typical probes are shown in Figure 27. The axial and circumferen- 
tial positions of the instrumentation are shown in Figures 28 and 29, respectively. Changing 
to a split casing necessitated shifts in the circumferential location of some instrumentation 
from that used in previous tests [ref. 1 & 2] . 

TABLE IV 

PERFORMANCE AND BLADE-ELEMENT INSTRUMENTATION 
INSTRUMENT 

PLANE LOCATION PARAMETER TYPE AND QUANTITY 

Station 0 plenum chamber P 6 pressure taps on plenum wall, 

5 on automatic data-acquisition 
system transducers, 1 on mano- 
meters 
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TABLE IV (CONT'D) 


Station 0 


Station 0.1 
Station 0.2 
Station 1.1 
Station 2.1 

Station 4 


Station 6.1 
Station 10 


Station 13 


INSTRUMENT 

PLANE LOCATION PARAMETER 

plenum location ^ 

inlet noise 
P 

rotor inlet P, p, j3 

P 
P 

rotor exit p 

stator inlet P, p, j3, T 

P 
P 

stator exit P 

T 


TYPE AND QUANTITY 


6 bare wire thermocouples, 5 on 
automatic data-acquisition sys- 
tem 1 , on self-balancing precision 
potentiometers 

8 condenser-type microphones 
2 OD and 1 ID wall static taps 


2 disk traverse probes 180 de- 
grees apart, 9 radial positions! 

4 OD and 6 ID wall static taps 

2 fixed radial rakes spaced 180 
degrees apart, 9 radii! 

4 OD and 4 ID wall static taps 

2 combination traverse probes, 9 
radial positions! 

4 OD and 4 ID wall static taps 
located on extension of mid- 
channel line 

4 OD and 4 ID wall static taps 
spaced across vane gap 

2 equally spaced, 15-element 
circumferential wake rakes tra- 
versable to each of nine radial 
locations! 

6 fixed radial temperature rakes at 
each of 9 radii!, spaced circumfer- 
entially to obtain readings across a 
vane gap. A 7th probe located 180 
degrees from a probe spaced in the 
center of a channel was installed 
for checking purposes and subse- 
quent distortion testing. 
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TABLE IV (CONT'D) 


INSTRUMENT 

PLANE LOCATION PARAMETER TYPE AND QUANTITY 


2 combination traverse probes, 

9 radial positions! 

4 OD and 4 ID wall static taps 
located on extension of mid- 
channel line 

4 OD and 4 ID wall static taps 
spaced across vane gap 

1 crystal microphone 

__noise._ . - 

Station 15.1 rig exit P 1 fixed 1 3-element wake rake 

t Radial position of each axial station defined as the intersection of the axial station and the design stream- 
line which passes through 5, 10, 15, 30, 50, 70, 85, 90 and 95 percent of passage-height locations at rotor 
blade trailing edge. 

All traversing probe measurements were made at nine radial locations defined by design stream- 
lines which passed the rotor trailing edge at the 5, 10, 15, 30, 50, 70, 85, 90, and 95 percent 
span locations. The fixed radial rakes for measuring total pressure near the rotor leading edge 
(Station 4, Figure 28) were in place only during the testing with inlet flow distortion. 


stator exit p, p> £ j 

P 

P 

downstream 


Transducers were used to measure pressures on all probes, fixed fakes, and static pressure taps, 
and the results were recorded in millivolts by an automatic data-acquisition system. The pres- 
sures measured with this system were accurate to within 8.5 psf. All traversing probes were 
calibrated for Mach number as a function of the indicated static-to-total pressure ratio and 
pitch angle. In addition, for the disk probes the total pressure recovery and yaw angle devia- 
tion were calibrated as functions of Mach number and pitch angle. For the combination probes, 
total pressure recovery and total temperature recovery were calibrated as a function of Mach 
number and pitch angle; there was no yaw angle deviation. The angular position was accurate 
to within one degree for all the air-angle measurement instrumentation. 


All temperatures were measured with chromel-alumel type K thermocouples, arid the data were 
recorded in millivolts by the automatic data-acquisition system. All temperature sensing ele- 
ments and the leadwires were calibrated over their full operating range. All of the temperature 
instrumentation was calibrated for temperature recovery as a function of Mach number. The 
overall rms temperature accuracy was estimated to be within 0.7°F. 

Strain gages were installed on.stationary and rotating critical parts to determine the levels of 
steady and vibratory stress over the operating range of the compressor. The locations of the 
rotor and stator strain-gages are shown in Figure 30. 
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The parameters listed in Table V were recorded continuously during excursions into stall. One 
hot-film probe with three radially separated sensors was located at the rotor inlet and used to 
determine the point of initiation and radial extent of rotating stall cells. Readings from this 
probe along with selected rotor and stator strain-gages, a rotor discharge wall static pressure 
tap, and a rotor speed signal from an impulse pickup were recorded simultaneously on an 
oscillograph trace as the fan discharge throttle was closed. The other parameters listed in 
Table V were recorded at approximately four second intervals as the fan stage was throttled 
into stall. 

TABLE V 

CONTINUOUSLY RECORDED STALL PERFORMANCE INSTRUMENTATION 

INSTRUMENT 



PLANE LOCATION 

PARAMETER 

TYPE AND QUANTITY 

RECORDED! 


flow nozzle 

P 

upstream static 

AR 



P 

downstream static 

AR 



Ap 

A p transducers (3) 

AR 



T 

temperature 

AR 

Station 0.0 

inlet plenum 

P 

pressure 

AR 



T 

temperature 

AR 

Station 4 

rotor inlet 


3 hot-film sensors 
located on one probe at 
25, 50, and 85 percent 
span from hub 

OT 


rotor blade 

emf 

3 strain-gages 

OT 

Station 6.1 

rotor exit 

P 

1 OD wall static tap 

AT, OT 

Station 10 

stator inlet 

P 

1 OD wall static tap 

AR 


stator vane 

emf 

3 strain-gages 

OT 

Station 13 

stator exit 

p 

1 OD wall static tap 

AR 

Station 15.1 

rig exit 

P 

8 elements of fixed 13-element 
circumferential wake rake at 
midspan 

AR 


gearbox 

N 

impulse pickup in gearbox 

AR, OT 


t AR refers to automatic recording system (readings every four seconds) 
OT refers to oscillograph tape (continuous) 
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2. Acoustic Instrumentation 


Compressor inlet noise was measured using eight microphones at the locations shown in Fig- 
ure 31. These locations were the same as those used during previous tests [ref. 1 & 2] . They 
were selected on the basis of the sound-pressure-level distribution within the inlet. Details 
are discussed in reference 1 . 

In addition to the microphones installed in the inlet, a one-quarter inch diameter dynamic 
pressure transducer (crystal microphone) was installed in a probe located one inch downstream 
of the stator trailing edge to obtain blade-passing-frequency data downstream of the fan stage. 
Three radial locations of the probe were investigated cf which one was selected for subsequent 
noise measurements (Figure 31). 

A flowchart of the acoustic recording system used during the tests is shown in Figure 32. The 
outputs from each condenser microphone and from the one-quarter inch diameter crystal mi- 
crophone passed through a monitor and signal attenuator which amplified or attenuated the 
signals to theievel'providing the optimum input' voltage range for the 'tape recorder. Ail data 
were recorded in the FM mode on magnetic tape at a speed of 30 inches per second. 

j 

D. TEST PROCEDURE 

Tests were conducted to determine both mechanical and aerodynamic performance of the fan 
stage. Vibratory stresses were measured prior to testing each configuration. A comprehensive 
vibratory stress program was conducted during uniform inlet flow shakedown tests. Speed 
accelerations and decelerations were conducted up to 115 percent of design speed at wide open, 
peak efficiency, and near-stall throttle settings for each of four stator angle settings: 5-degree 
open, nominal, 5-degree closed, and 10-degree closed. An abbreviated stress program, consist- 
ing of accelerations and decelerations at one or two throttle settings, was conducted for tests 
with inlet flow distortion and tests with tip casing treatments. 

Stall flow at a given speed was determined by slowly closing the rig throttle until flow insta- 
bility was indicated by an abrupt increase in static pressure downstream of the flow nozzle. 

Stall flows given in this report are the minimum values at which the fan could operate with- 
out flow instabilities. The fan was stalled more than once at each speed to substantiate the 
stall flows. 

Tests were conducted to identify rotating stall using hot-film probes at the rotor inlet. These 
tests were conducted at all speeds where performance data were taken and for all configura- 
tions except for uniform-inlet flow with tip treatment where no change was expected between 
the solid wall and tip treated configurations since the stator controlled stall. Whenever rotat- 
ing stall was identified during these tests, it occurred simultaneously with flow instability (i.e., 
at the stall flow). 

A stator optimization program was conducted during the initial testing to determine the opti- 
mum stator setting for maximum efficiency and flow range. These tests were conducted with 
four stator-settings: 1) 5-degree open (i.e., increased air incidence compared to the nominal 
setting), 2) nominal, 3) 5-degree closed, and 4) 10-degree closed. Complete aerodynamic data 
were recorded for several operating points at 100 percent of design speed for each stator set- 
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ting. Based on the results of these optimization tests at design speed, the nominal stator set- 
ting angle was selected as the optimum. 

Additional performance tests for uniform inlet flow were conducted over a speed range from 
65 to 110 percent of design with the nominal stator setting to document performance of the 
fan with the redesigned stator over a wide range of operation. A limited amount of data was 
also taken with the stator closed 10 degrees where the stage could operate with reasonable ef- 
ficiency at lower flows before stalling, providing a wider range of rotor data. 

Distortion tests with the nominal stator-setting were conducted to determine the effects on 
fan stage performance of tip-radial, hub-radial, and circumferential inlet distortion. Data 
points were taken with each type of distortion at 80, 90, and 95 percent of design speed. Dis- 
tortion testing was not attempted above 95 percent of design speed because during previous 
tests [ref. 1 ] excessive rotor blade vibration due to first bending rotor blade flutter prevented 
testing above this speed with tip-radial distortion. 

Fan performance with the stator 10 degrees closed was measured with hub-radial and circum- 
ferential distortion to provide additional velocity vector data. These data were obtained at 
95 percent of design speed only. No performance testing was done with tip-radial distortion 
and the stator closed 10 degrees because of excessive first bending rotor blade flutter. 

Distortion tests with the nominal stator-setting and with rotor tip casing treatment were per- 
formed at 80, 90, and 95 percent of design speed with hub-radial, tip-radial, and circumferential 
inlet distortion to determine whether the treatment would increase the distortion tolerance of 
the stage. Uniform inlet performance data were also obtained with rotor tip casing treatment 
to determine the effect of tip treatment on performance with uniform inlet flow. 

Noise tests were conducted with uniform inlet flow at the nominal stator-setting both with 
and without rotor tip casing treatment. Data were recorded at part throttle (peak efficiency) 
and wide open throttle operating points between 80 and 1 1 0 percent of design speed. Addi- 
tional data with uniform inlet flow were taken between 80 and 1 10 percent of design speed 
with the stator 10 degrees closed and with solid outer casing. 

The final test consisted of running a check point at design speed with uniform inlet flow, nom- 
inal stator-setting, and solid casing. This test verified that no degradation of performance oc- 
curred during the test program. 

E. DATA REDUCTION TECHNIQUES 

1. Aerodynamic Data 

All performance data were automatically recorded in millivolts on computer cards. These data 
were then converted to engineering units and corrected and averaged as described in the fol- 
lowing sections. 
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Pressure Data From Fixed-Element Probes 


Data obtained from total pressure probes located in supersonic flow were corrected for shock 
losses. 

The circumferential total pressure distributions indicated by the two wake-rakes were mass- 
flow-averaged at each radial position, using a constant circumferential static pressure deter- 
mined by linearly interpolating the wall static pressure data. Peak values from the circumfer- 
ential pressure distribution indicated by each wake-rake were chosen to represent the stator 
exit free-stream and rotor exit pressures. 

A stator wake blockage factor (defined in Appendix A) was calculated at each radial position 
for use in the flowfield calculation program to improve the accuracy of the static pressure and 
velocity calculations. 

Free-stream pressures, circumferentially mass-flow-averaged pressures, and wake blockage fac- 
tors from both'rakes were' each 'arithmetically averaged foreachTadial locaTion. The resulting 
radial distributions were then radially mass-flow-averaged by the flowfield analysis program to 
calculate the overall performance. The radial distributions of static pressure required for ra- 
dial mass-flow-averaging were calculated by the flowfield analysis program. 

Data From Traversing Combination and Disk Probes 

The combination and disk probes provided measured total pressure, measured air angle, cali- 
brated Mach number, and calculated static pressure at the selected radial locations. In addi- 
tion, the combination probes provided measured total temperatures. These data served as a 
check on the data from fixed-element pressure and temperature probes. The measured total 
pressure, total temperature, and flow angle from these probes were corrected using Mach num- 
ber recovery calibration curves for individual probes. Mach number was determined from a 
calibration of measured total and static pressures. The resulting calibrated Mach number and 
corrected total pressure were then used in conjunction with standard air property tables to 
calculate static pressure. Of this measured traverse data, only air angle was used in the flowfield 
calculation; the other data were used for checking and for substantiating flowfield calculations. 

Stationary Temperature Probe Data 

Temperature probes were calibrated for Mach number and pressure level. These probes con- 
sisted of six fixed radial-rakes spaced approximately equally about the annulus behind the 
stator with each rake located at a different circumferential position relative to a stator gap. 

The variations in recovery correction factor with pressure were applied as noted in reference 
1 2. A circumferential mass-flow average was calculated at each radial position and used in the 
flowfield calculation. The circumferential total pressure distribution required for this calcula- 
tion was obtained from the wake rakes. 
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Overall Performance Calculations 

Corrected speed (N A/0), corrected weight flow (W>/0/5), total temperature ratio across rotor 
or stage (T6/T5 or T12/T5), total pressure ratio across rotor or stage (P6/P5 or P12-/P5), and 
adiabatic and polytropic efficiencies across either rotor or stage (17 p p ) are tabulated in Ap- 
pendixes E through H. Overall performance for the rotor is tabulated along the bottom of the 
rotor data and for the stage along the bottom of the stator data. This performance was calcu- 
lated from the flowfield analysis program which translates pressure measurements along stream- 
lines to the blade edges. Overall performance parameters were based on conditions of the 
rotor leading edge (Station 5). With radially distorted inlet flow, performance was based on 
the measured, mass-flow-averaged pressure at the rotor inlet instrument plane (Station 4). 

Discharge total pressures and temperatures for overall performance calculations were measured 
with fixed element probes and mass-averaged as previously described. 

Averaging techniques described previously were used for uniform inlet flow and for radial dis- 
tortion where the axisymmetric flowfield analysis program was used. Different averaging tech- 
niques were applied to temperatures and pressures for evaluating overall performance for the 
circumferential distortion tests where the flowfield program could not be used. Each of the six 
individual temperature rakes was radially mass-averaged for each screen position, and the 36 re- 
sulting values (six probes from each of six screen positions) were arithmetically averaged. Total 
pressures were radially mass- averaged for each wake rake (1 5 elements mass-averaged gapwise at 
each radial location) for all six screen positions, and the twelve resulting values were arithmeti- 
cally averaged. The stage efficiency based on an arithmetic average of the radially mass-averaged 
pressures differed by less than 0.1 percent from the efficiency computed using a circumferential 
mass average of the radial mass averages (i.e., the scheme used in the analysis of data in reference 1). 

The overall stall-performance data consisted of airflow and rotor speed. Stall flow was calcu- 
lated from the flow nozzle pressure recorded at approximately four-second intervals. Pressure 
ratio at stall was estimated from extrapolation of overall performance data at constant speed. 

Stall data appears in the overall performance figures. 

Flowfield Analysis Computer Program 

The blade-element performance data tabulated in Appendixes E through H were calculated 
using a flowfield analysis computer program. Calculations were made at 19 streamlines using 
flowpath geometry and measurements at nine fixed radial locations defined by design point 
streamlines passing through the rotor trailing edge at 5, 1 0, 1 5, 30, 50, 70, 85, 90 and 95 per- 
cent of the passage height. All parameters were corrected to standard-day conditions. The 
measurements and blockage estimates used for the solution of the flowfield program were: 

1) Compressor Inlet (Station O, Figure 28); Corrected weight flow and corrected rotor 
speed 

2) Rotor Inlet Instrument Plane (Station 4); Constant radial distribution of standard- 
day temperature, axial inlet absolute air angle, constant radial distribution of 
standard-day pressure for tests with uniform inlet flow, and radial distributions of 
total pressure from the two rotor-inlet rakes for tests with radial inlet distortion. 
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(The radially mass-averaged pressure was adjusted to standard-day conditions.) 

Estimated blockage factor to account for wall boundary layer (Figure 6) 

3) Stator Inlet (Station 1 1); Radial distribution of total-pressure free-stream values 
from the wake rakes behind the stator divided by the rotor inlet total pressure. 

Estimated blockage factor to account for wall boundary layer (Figure 56) 

4) Stator Exit Instrument Plane (Station 13); Radial distributions of total temperature 
from the circumferentially mass-average temperature rake data divided by the rotor 
inlet total temperature. Radial distributions of the total pressure data from both wake 
rakes divided by the rotor inlet total pressure. Also radial distribution of the wake rake 
blockage factors (see Appendix A) from both wake rakes and the radial distribution 

of the absolute air angle from the two disk probes 

All static pressure distributions and air angles behind the rotor were calculated by the computer 
program on the basis of mass-flow continuity, radial equilibrium, and energy equations assuming 
.axisymmetric flow.- Curvature, -enthalpy, -and entropy gradient terms were used in the ‘equilibrium ' 
calculations. Blade-element performance at the blade edges were calculated by translating the 
measured data from the instrument planes along streamlines. The blade element performance 
parameters are presented in Appendixes E through H for the nine radial locations defined by 
streamlines passing through the rotor trailing edge at 5, 10, 15, 30, 50, 70, 85, 90 and 95 per- 
cent of the passage height. 

2. Acoustic Data 

The acoustic data were reduced using the system shown in Figure 33. The tape recorded data 
were processed through a wave analyzer having a 50 Hz bandwidth filter. The output of the 
analyzer was then recorded on a graphic-level recorder so that a trace of sound pressure level 
as a function of frequency could be obtained. From these traces, broadband noise and super- 
sonic-tip-speed (combination tone, multiple pure tones, or “buzz saw”) noise were evaluated. 
Blade-passing-frequency data were time averaged for 30 seconds at each compressor operating 
point. This was accomplished by tuning the wave analyzer to the blade-passing-frequency and 
obtaining a trace on the recorder of the sound pressure level at this frequency as a function of 
time. 

The supersonic fan noise (combination tone noise) was computed by summing the sound pres- 
sure levels of the discrete frequency tones below the blade-passage-frequency but at integral 
multiples of the rotor speed. The discrete frequency levels were obtained directly from the 
50 Hz bandwidth spectrum traces from each of the microphones and were logarithmitically 
averaged. 

The average acoustic power level for each one-third octave band was calculated for the broad- 
band noise from the following equation (derived in referencel): 

PWL = SPL + 10 log v- 10 log H - 19.4 dB 
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In order to determine the average value of the broadband sound pressure level to use in this 
equation, each spectrum trace was marked in preferred one-third octave bands. The average 
pressure reading within each band was then determined after deleting all discrete frequency 
tones. A correction was then applied to the averaged sound pressure level to account for the 
fact that a 50 Hz bandwidth filter was used rather than a one-third octave filter. The correc- 
tion involved the addition of the factor 10 log (fz/50) where fz is the bandwidth of each one- 
third octave expressed in hertz. The values of the corrected broadband sound pressure levels 
from each microphone were then averaged logarithmically within each one-third octave band 
for each operating point. These average broadband sound pressure levels and the reverberation 
time determined experimentally [ref. 1 ] were used to calculate the radiated sound power 
level from the acoustic power level equation. 

The equivalent volume of the plenum chanber, v, in the acoustic power-level equation is par- 
ticularly difficult to determine for an open-ended plenum such as used for these tests. The 
calculated power level, however, is relatively insensitive to chamber volume since doubling the 
volume raises the calculated power level by only 3 dB. In any event, the data trends were not 
affected by the volume used in the calculations because the volume was a constant. A good 
approximation of the volume is 442 ft^. 
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IV. RESULTS AND DISCUSSION 
A. STATOR OPTIMIZATION TESTS 

1 . Overall Performance and Stall Investigation 

Optimum stage-performance was determined at design speed with uniform inlet flow by con- 
ducting tests with the stator in its nominal angle position, 5 degrees open, 5 degrees closed, 
and 1 0 degrees closed. Stage and rotor overall performance are presented in Figures 34 and 
35 and Tables X to Xlll of Appendix E. 

With the stator in its nominal position, a measured maximum stage-efficiency of 88.3 percent 
was obtained at a pressure ratio of 1.478 and a corrected flow of 180.07 lb/sec (Figure 34). 

No change in maximum stage-efficiency occurred when the stator was closed 5 or 10 degrees; 
however, maximum flow capacity decreased 3 and 13 lb/sec, respectively. Maximum stage 
efficiency dropped about three percentage points when the stator was_opened ^degrees.. The., 
overall rotor performance data (Figure 35) did not appear to have been affected by the var- 
ious stator-settings. 

The nominal stator-setting was chosen as the optimum setting because at design speed it pro- 
vided the best combination of overall efficiency and absolute value of stall margin. Overall 
performance (Figure 34) also appeared to be good with the stator five degrees closed but 
with slightly reduced flow range compared with the nominal. stator-setting. 

2. Blade Element Aerodynamic Data 

Plots of total-pressure-loss coefficient, c3, diffusion factor, D, and deviation angle, 5°, versus 
incidence angle to the suction surface, i s , are presented in Figures 36 and 37 for both the rotor 
and stator at 10, 50, and 90 percents of span for each stator setting angle, 7 °, at design speed. 
The various stator-settings provided total data over a wide incidence range. Blade element 
parameters calculated at the leading and trailing edges of nine spanwise locations are presented 
in Tables X to XIII of Appendix E. All percents of span presented herein are relative distances 
from the hub (i.e., from the inner diameter). 

Stator blade element losses for the nominal stator-setting were among the lowest loss levels 
measured, supporting its selection as the optimum configuration. Alsq stator data at the 
nominal setting were in good agreement with design values except near the hub. 

Spanwise distributions of rotor blade-element data for stator-optimization test points with 
nominal and 10 degrees closed stator positions are compared in Figure 38. Stator setting 
caused major differences in rotor performance at 5, 10, and 15 percent of span and caused 
small changes at 30 percent span and essentially no change over the outer 50 percent of span. 
Figure 36 shows the effects of 5 degrees open, nominal, 5 degrees closed, and 10 degrees 
closed stator positions on rotor blade element data at 10, 50, and 90 percent of span. The 
greatest changes occurred with the stator closed 10 degrees and with open throttle. 
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The differences in hub blade-element performance were due primarily to differences in rotor 
exit total pressure used to calculate velocity vectors and losses. The test points at which these 
rotor-exit pressure differences occurred were those where stator choke and high losses limited 
maximum flow (Figure 34). Stator-exit wake-rake total pressure profiles across the stator gap 
at 10 and 50 percent of span are compared in Figure 3° the nominal and 10 degrees closed 

stator settings. At 10 percent span (Figure 39-A), the from the 10 degrees closed stator 

appeared to fill the entire gap so that the peak pressure was not a freestream val”' Mes 
for unchoked stator blade elements, typified by the data for the nominal stator-posn.^.i at 
10 percent span and both settings at 50 percent span (Figure 39-B), provided good free-stream 
total pressures at all other percents of span. 

Spanwise profiles of stator inlet total pressure from radial traverses at the stator inlet (not 
presented) showed no effect of stator setting on rotor performance. For the optimization 
tests with nominal and 10 degrees closed stator settings, total pressures were substituted from 
these traverses for the wake rake free-stream values in the streamline program and blade ele- 
ment parameters were recalculated. The results (Figure 40) did not show a difference in rotor 
blade element performance. These stator inlet probes, however, could have caused local back 
pressuring of the rotor and were therefore not considered a source of accurate blade element 
data at Mach numbers above 0.80 [ref. 13] . Their consistent measurements with different 
stator positions, however, were considered a valid indication that closing the stator did not 
affect rotor performance. 

All blade element performance parameters in this report were calculated by a streamline pro- 
gram using free-stream total pressures at the rotor exit and stator inlet. Since these free-stream 
pressures were not representative of rotor exit pressures at 5, 10, or 15 percent span for the 
10 degrees closed stator-setting open-throttle test points, the corresponding blade element 
data were incorrect. Free-stream pressures were not a problem for any of the nominal stator 
test points or for points near maximum efficiency. 

3. Stress 

Continuous vibratory stresses on the rotor and stator blades were below 4000 psi for speeds 
up to and including 1 15 percent of design speed. The original stator had vibratory stresses 
exceeding 10,000 psi at speeds above 1 10 percent of design speed [ref. 2]. 

B. UNIFORM INLET FLOW PERFORMANCE 

1 . Overall Performance and Stall Investigation 
Solid Casing 

Stage and rotor-only overall performance for the nominal stator setting at 65, 80, 90, 95, 100, 
and 1 10 percent of design speed is presented in Figures 41 and 42 and in Table XIV of Appendix 
F; the figures also include the data recorded during the optimization test (Table X, Appendix E). 
The stall line was established by extrapolating the characteristic speed-lines to the measured 
stall airflows, shown as slashed symbols. Corrected speed as a function of corrected stall-flow 
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is shown in Figure 43; all stall flow data used to determine the values on the overall maps are 
presented. The differences in stall flow for the various stator settings at speeds above 90 per- 
cent indicate that above 90 percent speed the stator controlled stage stall as was the case with 
the original stator [ref. 1 & 2] . At 90 percent of design speed and below, the rotor apparently 
controlled stage stall. Stall-flow repeatability was considered to have been within 2.5 lb/sec - 
stall weight flows are presented in Appendix J. The maximum stage-efficiency (Figure 41) 
measured at design speed was 88.6 percent at 168.6 lb/sec airflow and 1.501 pressure ratio. 
However, an efficiency of 88.3 percent was recorded at 1 80 Ib/sec which corresponded to 
15 percent stall margin. Stage efficiency remained greater than 87.5 percent from 181 Ib/sec 
to the stall flow of 161 lb/sec. The data point at 180 lb/sec with a pressure ratio of 1.478 and 
88.3 percent efficiency agreed well with the design-point values of 179.66, 1.491, and 88.2. 

Peak rotor-efficiency for the nominal stator setting was 95 percent at design speed and remained 
about that value down to 65 percent of design speed (Figure 42). At 1 10 percent of design 
speed, peak rotor-efficiency was 92.7 percent, occurring at stall. 

- In -Figure-44 the overall- performance of the; fan at the nominal's tafor-setting is compared with 
performance at the 1 0 degrees closed setting. In Figure 45 a similar comparison is made for the 
rotor. Data from optimization tests (Table XIII, Appendix E) are included. Closing the stator 
10 degrees permitted the stage to operate at flow rates that were 2 to 9 lb/sec lower at 95, 100, 
and 1 1 0 percent design speed (Figure 44). Stall margin, however, was reduced from 1 5 to 7 per- 
cent at design speed, based upon an operating point with the same operating-line efficiency 
(88.3 percent) as the nominal stator-setting — 165 lb/sec flow and an overall pressure ratio of 
1.51. Although design-speed peak stage-efficiency was about the same with the 10 degrees 
closed stator setting as that for the nominal setting, part-speed peak efficiencies were as much 
as 2 percentage points lower. However, maximum pressure ratios were generally about 1.0 
percent higher than for tests with the nominal stator-settings for all speeds except 65 percent 
of design speed. Data for the 10 degrees closed stator setting is given in Appendix F, Table XV. 

During transients near stall, strain gage and hot-film probe data were obtained with the solid 
rotor-casing for both nominal and 1 0 degrees closed stator settings. Figures 46 and 47 show 
osillograph traces of these data where indications of stall first began for 80 and 100 percents 
of design speed with the nominal stator setting. Figure 48 shows the osillograph traces of these 
data at design speed with the stator 1 0 degrees closed. Strain-gage data at the nominal stator- 
setting arid 80 percent of design speed (Figure 46) show vibrations occurring in the rotor before 
occurring/in the stator, indicating a rotor stall. Similar results (not shown) were found at 65 and 
90 percent of design speed. At 100 percent of design speed, vibrations occurred simultaneously 
in the rotor and stator blades for tests at both the nominal and 10 degrees closed stators (Figures 
47 and 48). Experience with this fan has shown that the simultaneous rise in rotor and stator 
stress indicates a stator stall in contrast to rotor stall where the rotor strain gages respond clearly 
before stator strain gages. Surge cycles of approximately 0.30 second duration occurred at all 
speeds and, although not identified in the excerpt of the trace at 80 percent of design speed 
(Figure 46), the second cycle did start 0.05 second later. The hot-film trace of Figure 46 shows 
a disturbance (identified as 'rotating stall) with a period of 0.03 second occurring continuously 
throughout the first surge cycle only. 
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Treated Casing 

A rotor tip casing treatment, consisting of skewed slots (Figures 20 and 21), was tested to deter- 
mine its effect on performance and stall characteristics during uniform inlet flow tests. Rotor 
tip treatments have been found effective primarily when rotor tip controls the stage stall. For 
this stage, the rotor controlled the stall at 90 percent of design speed and below with uniform 
inlet flow as previously indicated by the stall flow and strain-gage data. 

Stage and rotor-only overall performance with rotor tip casing treatment and with the nominal 
stator setting is presented in Figures 49 and 50 and compared to performance without tip 
treatment. Maximum stage-efficiency decreased two percentage points at design speed because 
of increased rotor loss. Stall flow at 95 percent design speed with tip treatment occurred 5 lb/sec 
higher than without treatment although it remained unchanged at both 90 and 100. percent of 
design speed. Since no change in stall flow was expected at 95 percent of design speed with the 
addition of rotor tip treatment, the stall flows were reexamined (Figure 43). With tip treatment, 
the stage was stalled twice at about 1 50 lb/sec. The single stall-flow of 145 lb/sec for the solid 
casing was substantiated by a near-stall operating point at 147. 1 lb/sec (Figure 41 ). It would 
therefore appear that the data are in order and stall margin decreased at 95 percent of design 
speed with rotor tip casing treatment. Stall margin improved with tip treatment at 80 percent 
of design speed (Figures 49 and 50) where the rotor set the stall. Table VI summarizes the 
effects of tip casing treatment on uniform inlet flow performance. 

TABLE VI 

EFFECTS OF ROTOR TIP CASING TREATMENT ON BOTH STALL 
MARGIN AND MEASURED PEAK STAGE EFFICIENCY WITH 
UNIFORM INLET FLOW AND THE NOMINAL STATOR SETTING 


% Design 

Effect on Stall 
Margin^ Relative 
to Solid Casing 

Effect on Measured Peak 
Efficiency Relative to 
Solid Casing 

Speed 

(Percentage Points) 

(Percentage Points) 

80 

+3.4 

0.0 

90 

0.0 

— 

95 

-3.4 

-1.3 

100 

-0.5 

-2.2 


fThe reference point is the stall point at the respective speed, for uniform inlet flow with nominal stator-setting, 
solid casing. 

2. Blade Element Aerodynamic Data 
Solid Casing 

Blade element performance data of the rotor and stator at nine radial locations are tabulated 
in Appendix F, Tables XIV and XV, for nominal and for 10-degree closed stator settings, re- 
spectively. Figure 51 presents plots of deviation angle, diffusion factor, and total pressure loss 
coefficients versus incidence angle to the suction surface for the rotor from tests with both 
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nominal and 10-degree closed stator settings. Figure 52 presents similar plots of the stator 
with nominal and 10-degree closed settings. Wide-open throttle data for the rotor and stator 
hub for the 1 0-degree closed stator tests are inaccurate as previously described (see A. Stator 
Optimization). The present series of tests provided rotor blade element data (Figure 5 1 ) over 
twice the incidence or flow range of the previous tests [ref. 2] at design speed. The shape of 
the rotor loss curves is defined well enough by the data to indicate minimum loss levels. 

Closing the stator 1 0 degrees provided lower levels of stator operating incidences with a cor- 
responding rise in loss, signifying negative stall (Figure 52). Data at the hub, on the negative 
incidence side of minimum loss, is in error as previously discussed under Stator Optimization. 
Measured stator deviations were lower than for the slotted vanes [ref. 2] , part of which was 
predicted as a consequence of designing a more uniformly cambered blade in the tip sections. 
Stator incidence range at the critical hub section (e.g., Figure 52b) was not significantly differ- 
ent from that previously obtained with the original stator design [ref. 1 & 2] . The way in 
which the redesigned stator obtained the sizeable increase in stall margin with good overall 
efficiency is illustrated on Figure 53; stator loading, D-factor, at the hub (10 percent span) is 
presented as a function of corrected weight flqw,..0verajl.stage pressure..ratio.(included in the . - 
stall margin calculation) and adiabatic efficiency are also included for convenient reference. 

At stage stall, there was a critical D-factor of about 0.6 which is common to all the stator de- 
signs tested during this program [ref. 1 & 2] . These stator designs were tested with essen- 
tially the same rotor and upstream flowpath (same wall boundary layers at stator inlet). With 
a limiting D-factor of 0.6, increased flow range and, thus, increased stall margin were obtained 
by a redesign which lowered the D-factor at design flow without sacrificing high overall pressure 
ratio or efficiency. For about the same pressure ratio, efficiency, and weight flow (180 lb/sec), 
the D-factor was 0.5 for the redesigned stator as compared with the nearly 0.59 of the original 
stator. Obviously, there was little flow range or stall margin capability left for the original design. 

Spanwise comparisons of data between design losses, deviation angles, diffusion factors, and in- 
cidence angles are shown on Figures 54.and 55 for the rotor and stator respectively. Rotor 
deviation angles at the hub (Figure 54) were approximately 10 degrees as compared with the 
5 degrees from previous tests (as indicated by the curve representing the redesign prediction). 

The 1 0 degrees is more in line with the original rotor design prediction shown on Figure 54 
but signifies a difference in the level of measured temperature rise compared to previous tests. 

Blade element data for this report were calculated using three percent more blockage at the- 
rotor trailing edge and stator leading edge stations than was used previously [ref. 1 & 2] . The 
distribution of blockage is shown in Figure 56. The purpose of the additional blockage in the 
streamline calculation of this data was to decrease the calculated static pressure to agree with 
the static pressure measured at the casing walls. The rotor deviation and stator incidence rep- 
resented by the shaded symbols in Figures 54 and 55 were calculated using the additional block- 
age. The open symbols represent the same operating point with three percent less blockage 
(comparable to the blockage used for the redesign prediction). Blockages used at the rotor in- 
let were the same as previously used [ref. 1 & 2] . Stator exit blockages were calculated from 
stator wake profiles as defined in Appendix A. 
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Measured air-angles at the stator inlet, /3 10 , are compared in Figure 57 with angles calculated 
by the flowfield program for an operating point of 1 80.4 lb/sec. Calculated angles were de- 
rived with the three percent additional blockage which otherwise would have resulted in levels 
one degree higher. The comparison of calculated and measured angles represents reasonably 
good agreement; both data provide incidences well within the loss range of stator blade element 
data (Figure 52). 

Treated Casing 

Rotor and stator blade element performance data (nominal stator-setting) from the tests with 
casing treatment are presented in Table XVI of Appendix F. Plots of deviation angle, diffusion 
factor, and total pressure-loss coefficient versus incidence for the rotor are presented in Figure 
58 for 10, 50, and 90 percents of span from the hub; rotor performance both with and with- 
out casing treatment is presented. Rotor losses at both ends of the blade were higher with 
casing treatment while loading level appeared to be the same. 

Stator parameters were the same with and without rotor tip treatments (Tables XIV and XVI) 
except near the hub where slightly lower stator losses and deviations were indicated. Stator 
data with rotor tip treatment were not plotted because of their similarity with Figure 52 data. 
All data presented in Table XVI for the rotor tip treatment were calculated using measured 
temperature as an indication of the energy rise. The technique of using measured stator inlet 
air angles with Euler’s work equation gave inconsistent results. 

3. Stress 

Continuous vibratory stresses on the rotor and stator blades were unaffected by rotor tip treat- 
ments and remained below 4000 psi for all speeds tested. 

4. Noise 
Solid Casing 

To evaluate the fan noise with the redesigned stator, noise measurements were recorded from 
eight microphones located in the inlet plenum chamber and from one microphone located 
downstream of the fan (Figure 31). Noise was evaluated for both a nominal and a 10-degree 
closed stator setting. The location of the microphones and configuration of the fan were dis- 
cussed under Apparatus and Procedures. 

Noise data were recorded at wide open and part throttle operating conditions between 80 and 
1 10 percent of design speed. The wide open operating condition for the nominal stator-setting 
is indicated by the right end of each speed line in Figure 45, and the wide open condition for 
the 1 0 degrees closed stator setting is indicated by the symbols representing maximum flow at 
each speed. Closing the stator decreased the wide open throttle flow capacity, resulting in a 
significantly higher pressure ratio at wide open throttle. The part throttle operating conditions 
during which noise data were measured for the nominal and 1 0 degrees closed stator settings 
were about equal in pressure ratio and occurred close to peak pressure ratio. 
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The broadband noise data were extracted from a narrow band analysis of each inlet microphone. 
Sound pressure levels in each preferred one-third octave band were calculated from the narrow- 
band data and then averaged for all inlet microphones. The averaged sound pressure levels and 
the measured room reverberation characterisitics were used to calculate the one-third octave 
band sound power levels. Average sound pressure and sound power levels are tabulated in 
Appendix K, Tables XXX and XXXI. 

Figures 59 and 60 show the averaged one-third octave band sound pressure level plotted as a 
function of blade tip relative Mach number for three one-third octave bandwidths with the fan 
operation at wide open and part throttle respectively. The frequency bands shown are the same 
as those presented in references 1 and 2, representing typical low, middle, and high frequency 
bands. At wide open throttle (Figure 59), the recorded broadband noise levels in the higher 
frequency bands increased when the stator was closed; however, no significant changes in broad- 
band noise levels occurred at part throttle when the stator was closed (Figure 60). It would 
appear that the increase in inlet noise level at wide open throttle was due to the increased 
rotor pressure ratio (shown in Figure 45)_that_prevailed -when the stator- was closed- 10 degrees: 

The total inlet broadband sound power level was calculated as the logarithmic sum of all the 
one-third octave band power levels and plotted against blade tip relative Mach number for the 
nominal and 10 degrees closed stator settings (Figures 61 and 62). The sound power level in- 
creased with Mach number and also appears to have increased with pressure ratio as indicated 
by the difference in sound power levels for the two throttle-positions shown in Figures 61 
and 62. The weak dependence of the total inlet broadband sound power level with the Mach 
number has not been explained but is similar to previous tests [ref. 1 & 2 ] . 

Fan inlet time-averaged blade-passing-frequency noise was plotted against blade tip relative 
Mach number for both stator positions and for wide open and part throttle operating points 
and the plots are presented in Figures 63, 64, 65, and 66. The time-averaged sound pressure 
level from each microphone and the calculated logarithmic average of all microphones (except 
number 5) are shown. As pointed out in reference 1, significant variations in blade-passing- 
frequency noise levels can occur between microphones when measuring discrete tones in a 
reverberant chamber due to standing wave patterns. But as before, the logarithmic average 
showed the same increasing blade-passing-frequency noise with increasing blade speed (Mach 
number). A significant increase (5 to 10 dB) in inlet blade-passing-frequency noise resulted 
at wide open throttle when the stator was closed 10 degrees (Figures 63 and 64). This differ- 
ence, again, appears to be associated with the much higher pressure ratio of the wide open 
operating points for the 10 degrees closed stator setting (Figure 45). No significant difference 
in blade-passing-frequency noise resulted at part throttle when the stator was closed (Figures 
65 and 66). This also follows from Figure 45 where only small changes in rotor pressure ratio 
occur due to stator setting at the part throttle condition. The effect of pressure ratio on blade- 
passing-frequency noise can also be illustrated by the larger difference in blade-passing-frequency 
noise generated at wide open and part throttle operating lines with the nominal stator-setting 
(Figures 63 and 65). Little changes were noted between the wide open and part throttle points 
for the 1 0 degrees closed stator setting (Figures 64 and 66) where the difference in pressure 
ratio was small. 
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Supersonic fan noise levels (combination tone noise) within the inlet plenum chamber were 
calculated by summing the sound pressure levels of the discrete frequency tones below blade- 
passing-frequency at integral multiples of the shaft rotational speed. Supersonic fan tip 
speeds were attained above 100 percent design speed. In Figures 67 and 68, for the wide open 
and part throttle operating conditions, supersonic fan noise data points are the higher data 
points at relative tip Mach numbers between 1.14 and 1.23. Values of integrated inlet broad- 
band noise are shown in these figures as the lower data-points for reference. This limited 
amount of supersonic fan noise data shows no significant effects from changing the stator 
setting angle or fan pressure ratio. 

Fan discharge blade-passing-frequency noise for the 10 degrees closed stator setting is plotted 
as a function of rotor tip Mach number in Figure 69. These data show increases in level with 
increases in Mach number and no consistent changes in level between the wide open and part 
throttle operating points. The trends are consistent with the inlet data. No data are available 
for the nominal stator position because the probe was inoperative. 

Treated Casing 

Noise measurements were recorded in the inlet plenum chamber for the rotor tip treatment 
and nominal stator setting. The same microphone locations were utilized as for the solid casing. 
Details of the rotor tip casing treatment are shown in Figure 21. 

The inlet broadband noise data were reduced and sound power level calculations were per- 
formed in the same manner as for the solid casing. Averaged inlet one-third octave band 
sound pressure and sound power levels are tabulated in Appendix K, Table XXXII. The 
averaged one-third octave band sound pressure levels are shown in Figures 70 and 71 plotted 
against tip relative Mach number for the same low, middle, and high one-third octave bands 
as for the solid casing for wide open and part throttle. Data from both the treated and solid 
wall configurations are presented in each figure and show that the noise levels were the same 
throughout the frequency range. These data indicate that the addition of this type of treat- 
ment over the blade tips did not have a significant effect on inlet radiated broadband noise 
over the fan operating range tested. 

Figure 72 shows the fan inlet total broadband sound power level plotted as a function of blade 
tip relative Mach number for both throttle operating positions. Comparison of these data with 
data from the solid wall configuration (Figure 61) showed no essential difference in either 
power levels or trends. 

Fan inlet time-averaged blade-passing-frequency noise data with casing treatment are presented 
in Figures 73 and 74 for the wide open and part throttle operating points. A comparison of 
these figures show that the blade-passing-frequency noise levels increased significantly as the 
fan was throttled, indicating that pressure ratio affects the level of blade-passing-frequency 
noise radiating from the inlet. A comparison of Figures 63 with 73 and 65 with 74 shows no 
significant change in blade-passing-frequency inlet noise due to skewed slots casing treatment. 

In reference 2, a 5 to 1 0 dB increase in blade-passing-frequency noise was reported for honey- 
comb casing treatment. 
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Supersonic fan noise (combination tone noise) within the inlet plenum is shown in Figures 
75 and 76 for the wide open and part throttle operating positions. For comparison, data with- 
out treatment have been included. Integrated broadband noise levels are plotted for refer- 
ence. These data do not show any appreciable difference in supersonic fan noise levels with 
the addition of the skewed slots rotor tip treatment. 

A sampling of the fan discharge blade-passing-frequency noise for the rotor tip casing treat- 
ment configuration is shown plotted Figure 77 as a function of tip relative Mach number. 

Typical spectra obtained with the probe downstream of the stator are shown in Figure 78. 
Although the blade-passing-frequency tone is clearly evident, its level is difficult to determine 
at 90 percent of design speed because of the presence of a large discrete tone at the same fre- 
quency. Looking at the other spectra, the frequency of this tone was 2700 Hz and did not vary 
with rotor speed. It is believed that this tone was due to vortex shedding from the Kistler probe 
(discussed in reference 2) and was responsible for the relatively high blade-passing-frequency 
noise at 90 percent of design speed (0.97 and 1 .01 Mach number) shown on Figure 77. Other- 
wise, this discharge data shows no_ significant effect from throttling or fan-speed (Mach-number); 

C. TIP - RADIAL DISTORTION PERFORMANCE 

1 . Overall Performance and Stall Investigation 

Typical fan inlet pressure and velocity distributions measured by the rotor inlet probes at 95 
percent of design speed are shown in Figure 79. Maximum inlet distortion (1 - P m j n /P m ax ) 
was 1 4 percent at 95 percent of design speed. The effect of this distortion relative to uniform 
inlet flow is shown in the overall stage and rotor performance curves presented in Figures 80 
and 81; the results in terms of stall-margin and efficiency are summarized in Table VII. At 
95 percent of design speed, stall margin decreased 10.9 percentage points and peak efficiency 
decreased 0.7 percentage points. 

The tip treatment partially restored the stall margin lost as a result of inlet tip-radial distortion 
as shown by the overall stage and rotor performance (Figures 80 and 8 1 ). Stall margin was 
improved seven percentage points at 95 percent of design speed. Stall weight flows are tabulated 
in Appendix J. The effects of tip casing treatment on stall margin and measured peak stage- 
efficiency relative to uniform inlet flow performance (no treatment) are summarized in Table VII. 
Stall margins with casing treatment were improved with only small penalties in peak stage-effi- 
ciency. 

Figures 82 and 83 show ocillograph traces of hot-film and strain-gage measurements made dur- 
ing stall with tip-radial distortion and with and without rotor tip treatment at 95 percent of 
design speed. Surge cycles of 0.25 second duration occurred at 95 percent speed with the tip 
treated casing configuration (Figure 82) and at 80 percent speed with the solid casing config- 
uration (not shown). Stable rotating stall (without surge cycles) occurred at 95 percent speed 
with the solid casing (Figure 83) and at 80 percent speed with the tip treated configuration 
(not shown). 


28 



TABLE VII 


EFFECTS OF TIP RADIAL DISTORTION ON BOTH STALL-MARGIN AND MEASURED 
PEAK STAGE-EFFICIENCY WITH SOLID CASING AND WITH SKEWED SLOTS OVER 
THE ROTOR TIP 




Effect on 

Effect on Measured 



Stall Margin ^ 

Peak Efficiency 



Relative to Uniform 

Relative to Uniform 



Inlet Flow and 

Inlet Flow and No Tip 


% Design 

No Tip Treatment 

Treatment (Percentage 

Configuration 

Speed 

(Percentage Points) 

Points) 

Solid Casings 

80 

-13.4 

-1.3 


90 

-11.3 

-1.5 


95 

-10.9 

-0.7 

Treated Casing 

80 

-6.9 

-1.8 


90 

4.8 

(insufficient data) 


95 

4.2 

-2.0 


f The reference point is the stall point at the respective speed for uniform inlet flow with nominal stator 
setting and solid casing. 

2. Blade Element Aerodynamic Data 

Tabulations of blade element data with solid casing are presented in Table XVII of Appendix 
G. Plots of diffusion factor, deviation angle, and total pressure loss coefficient versus inci- 
dence angle are shown in Figures 84 and 85 for 10, 50, and 90 percents of span for the rotor 
and stator. 

Tabulations of blade element data with rotor tip casing treatment are presented in Table XVIII 
of Appendix G. The effect of casing treatment compared with the solid case is illustrated in 
Figures 84 and 85. Rotor tip loading was allowed to increase. The stator maximum incidence 
angle near the tip (Figure 85c) and at 95 percent of design speed was about 1 1 degrees greater 
with casing treatment than without. 

3. Stress 

Continuous vibratory stresses were acceptable through 95 percent of design speed with the tip 
radial distortion and with the stator set in the nominal position. Tests were not attempted 
above 95 percent of design speed because of excessive first bending rotor flutter encountered 
during tests reported in references 1 and 2. With the stator set 10 degrees closed, rotor flutter 
in the first bending mode caused stress which rose above 10,000 psi at 80 percent of design 
speed. These stresses prevented testing with the stator closed 10 degrees. 

D. HUB - RADIAL DISTORTION PERFORMANCE 

1. Overall Performance and Stall Investigation 
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Data were obtained at the nominal and 10 degrees closed stator settings. Typical inlet pressure 
and velocity distributions measured by the inlet disk probes at 95 percent of design speed are 
shown in Figure 86. Maximum inlet distortion ( 1 - P m in /P max ) was 10 percent at 95 percent 
of design speed. The effect of this distortion relative to uniform inlet flow is shown in the 
overall stage and rotor performance curves provided in Figures 87 and 88; the results in terms 
of stall margin and efficiency are summarized in Table VIII. Stall margin improved eight per- 
centage points with hub distortion at 95 percent of design speed. This hub distortion also 
caused a flow shift and rotor work redistribution which lowered the overall stage pressure 
ratio. Stator inlet traverse probes in the hub region reacted unstably in the yaw or air angle 
measuring mode indicating unusual flow instability or turbulence. This instability may have 
obscured the significance of the stator hub critical loading which prevailed with uniform in-- 
let flow. Such instability near the hub could also have an adverse effect on stub stages and/or 
core compressor in a turbofan engine application. 

Rotor tip casing treatment provided further increases in stall margin as shown by the overall 
performance curve^ in Figures 87_and 88. JThejncrease. in. s.tall. margin .provided -by-the-tip — 
casing” treatment is evidence that the rotor was setting the stall without treatment. The results 
in terms of stall margin and efficiency are summarized in Table VIII. Stall weight flows are 
tabulated in Appendix 3. 

TABLE VIII 

EFFECTS OF HUB RADIAL DISTORTION ON BOTH STALL MARGIN AND MEASURED 
PEAK STAGE-EFFICIENCY WITH SOLID CASINGS AND WITH SKEWED SLOTS OVER 
THE ROTOR TIP 




Effect on Stall 

Effect on Measured 



Margin* Relative 

Peak Efficiency 



to Uniform Inlet 

Relative to Uniform 



Flow and No Tip 

Inlet Flow and No Tip 


% Design 

Treatment 

T reatment 

Configuration 

Speed 

(Percentage Points) 

(Percentage Points) 

Solid casing 

80 

+8.6 . 

+0.6 

nominal stator 

90 

+8.6 

-0.4 


95 

+8.0 

-1.5 

Treated casing 

80 

+18.3 

' -1.7 

nominal stator 

80 

+18.7 

(Insufficient data) 


95 

+18.1 

-4.1 


t The reference point is the stall point at the respective speed for uniform inlet flow with nominal stator 
setting and solid casing. 

Figures 89 and 90 provide oscillograph traces of hot-film and strain-gage probes made during 
hub-radial distortion tests with and without rotor tip casing treatment at 80 percent of design 
speed. Hot-film probes indicated responses of about equal magnitude at the hub and tip 
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for the solid casing. The addition of tip treatment caused a reduction in the magnitude of 
the tip response. Rotating stall and surge cycles occurred during stall for both tip treated 
and solid casing tests at 80 percent of design speed. Similar patterns existed at 90 percent of 
design speed for tests with and without tip casing treatments (not shown). The period of 
excitation, measured by the hot-film probe and identified as rotating stall on Figures 89 and 
90, doubled during subsequent surge cycles. 

2. Blade Element Aerodynamic Data 

Tabulations of blade element data with hub-radial distortion and solid casing for the nominal 
stator setting are presented in Table XIX and for the 1 0 degrees closed stator setting in Table 
XX of Appendix H. Plots of diffusion factor, deviation angle, and total pressure loss coef- 
ficient versus incidence angle are shown in Figures 91 and 92 for 10, 50, and 90 percents of 
span for the rotor and stator. Tabulations of blade element data with tip casing treatment 
and nominal stator setting are presented in Table XXI of Appendix H. Figures 91 and 92 
illustrate the effect of tip casing treatment compared with the solid case. Tip treatment 
extended the range of blade element performance. 

3. Stress 

No undesirable vibratory stresses were encountered during hub-radial distortion tests. 

E. CIRCUMFERENTIAL DISTORTION PERFORMANCE 

1. Overall Performance and Stall Investigation 

Overall stage performance is presented in Figure 93. Stall weight flows are tabulated in 
Appendix J. The stall line was essentially unaffected by inlet circumferential distortion. The 
tip treatment improved tolerance to circumferential distortion, providing a better stall line 
then uniform inlet flow at all speeds tested (Figure 93). The effects of circumferential dis- 
tortion on stall margin and on measured peak-efficiency with solid casings and with skewed 
slots over the rotor tip are presented in Table IX. 

Typical distributions of static pressure are presented in Figures 94 and 95 for tests at 95 
percent of design speed with circumferential distortion. The static pressures were obtained 
by means of taps located at five axial-planes between the distortion screen and the rotor 
inlet on both the outer case and the inner hub. 

Figures 96 and 97 show oscillograph traces of hot-film and strain-gage probes made during 
stall with circumferential distortion and with and without rotor tip treatment at 95 percent 
of design speed. Hot-film probes show surge cycles and rotating stall during tests with and 
without rotor tip treatment. 

2. Velocity Vectors 

Circumferential patterns of velocity, flow angle, and total pressure are presented in Figure 
98 for tests with solid casing and nominal stator setting; data at 10, 50, and 90 percents of 
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span are presented. Similar data for tests with solid casing and 10-degree closed setting are 
presented in Figure 99 and for the treated casing and nominal stator setting on Figure 100. 
Similar information for the stator discharge station is presented in Figures 101, 102, and 
103. Distributions of stator discharge temperature are shown in Figures 104, 105, and 106 
for each of the configurations. 

Total pressure, total temperature, velocity, and air angle for the nine radial probe positions, 
three speeds, and the various stator and casing configurations are presented in Tables XXII 
to XXVII of Appendix I. Temperatures and pressure values presented in these tables are 
ratioed to the inlet plenum. Ratios to the average rotor-inlet total pressure may be deter- 
mined by applying the pressure ratio across the circumferential screen (Figure 1 07). A 
summary of overall stage performance for inlet circumferential distortion is given in Table 
XXVIII, Appendix I. 


TABLE IX 

EFFECTS OF CIRCUMFERENTIAL DISTORTION ON STALL MARGIN AND MEASURED 
PEAK-STAGE EF FlCI ENCY WITH SOLID CASINGS AND WITH SKEWED SLOTS OVER 
THE ROTOR TIP 




Effect on Stall 

Effect on Measured 



Margin* Relative 

Peak Efficiency 



to Uniform Inlet 

Relative to Uniform 



Flow and No Tip 

Inlet Flow and No Tip 


% Design 

Treatment 

Treatment 

Configuration 

Speed 

(Percentage Points) 

(Percentage Points) 



80 

-.8 

+.5 

Solid casing 

90 

-2.0 

-.9 

nominal stator 

95 

+1.0 

-1.4 


80 

+8.7 

-.5 

Treated casing 

90 

+5.9 

(insufficient data) 

nominal stator 

95 

+3.0 

^1.0 


t The reference point is the stall point at the respective speed for uniform inlet flow with nominal stator 
setting and solid casing. 


3. Stress 

No undesirable vibratory stresses were encountered during the circumferential distortion 
tests. 
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V. SUMMARY OF RESULTS 


A single-stage fan with a rotor tip speed of 1000 ft/sec was retested with a redesigned 
stator. The tests were conducted both with and without rotor tip casing treatment. The 
principal results obtained from this investigation are presented below. 

A. OPTIMIZATION 

The design stator setting angle was selected as the optimum setting for most of the performance 
testing because itprovided the best combination of stage-efficiency and stall-margin. 

B. PERFORMANCE WITH UNIFORM INLET FLOW 

A fifteen percent stall-margin was demonstrated at design speed relative to an operating point 
with a stage efficiency of 88.3 percent. Stage pressure ratio at this point was 1 .478 with a 
corrected flow of 180 lb/sec. Design values were 88.2 percent efficiency, 1 .491 pressure ratio, 
and 179.66 lb/sec flow. The addition of. skewed slots casing treatment over the rotor tip had 
no effect on design speed stall-margin because the stator hub rather than rotor tip controlled 
the stall; however, maximum stage efficiency decreased two percentage points. 

C. PERFORMANCE WITH DISTORTED INLET FLOW 

Tip-radial distortion reduced stall margin by 1 1 percentage points. Skewed slots in the casing 
recovered seven percentage points of stall margin. 

Hub-radial distortion increased the stall margin about eight percentage points over that of 
uniform inlet flow but reduced the total pressure rise. Rotor tip casing treatment provided 
an even greater stall-margin indicating a tip controlled stall. 

Circumferential distortion had little effect on stall margin. Tip casing treatment with circum- 
ferential distortion increased stall margin significantly at 80 and 90 percent of design speed. 


Skewed slots casing treatment over the rotor tip increased the stall margin of the stage with 
all three types of inlet distortion but with a decrease in adiabatic efficiency at all speeds. 

D. NOISE TESTS 

Fan inlet and discharge noise was generally at the same level as the previous tests. Variations 
may be attributed to differences in operating lines on which the data were recorded. Closing 
the stator setting angle 10 degrees did not appear to affect noise levels. Skewed slots in the 
casing over the rotor tip did not affect inlet radiated noise. 
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Figure 1 Redesigned Stator 



Figure 2 Slotted Rotor Blade 
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Figure 4 Flo wpath,. Redesign and Original 
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Figure 5 Stator Loss (Design) - Percent Spans for the Data Have Been Calculated From 
the Stator Exit Diameters Listed With the Blade Element Data 
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8 Stator Diffusion Factor (Design) - Percent Spans for the Data Have Been Calcu- 
lated From the Stator Exit Diameters Listed With the Blade Element Data 
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Figure 9 Stator Mach Numbers (Design) 


39 





CAMBER DISTRIBUTION, 


PERCENT SPAN STATOR INLET 


Figure 1 0 Stator Inlet Air Angle (Design) 
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Figure 1 1 Stator Airfoil Camber Distribution Parameter as a Function of Span 
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AXIAL LOCATION, Z ~ INCHES 


Figure 1 2 Axial Projection of Stator, Showing Location of Transition From Front to 
Rear Sections of the MCA Airfoils 
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Figure 14 Stator Incidence to Suction Surface (Design) 
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Figure 1 7 Stator Critical Area Distributing, (A/A*) min.(Design) 
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Figure 18 Stator Channel Area Distribution, A/ A* (Design) 
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Figure 19 Velocity Distribution on Stator Surface at 10 Percent Span From Hub 








Figure 20 Skewed Slots Rotor Tip Casing Treatment 
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Figure 21 Schematic of Skewed Slots Rotor Tip Casing Treatment 
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Figure 22 Compressor Test Facility 








Figure 23 Test Compressor Inlet With Distortion Support Screen Installed 


Figure 24 Distortion Screens 
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Figure 25 Test Compressor Inlet Configuration for Performance Testing With Uniform 
Inlet Flow 



Figure 26 Test Compressor Inlet Configuration for Noise Measurements 
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Figure 27 Compressor Instrumentation 
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Figure 28 Axial Location of Instrumentation 
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Figure 29 Circumferential Location of Instrumentation (Viewed Downstream 
Rotation is Counterclockwise) 
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Figure 30 Strain Gage Locations on Rotor and Stator Blades 



Figure 31 


Acoustic Microphone Locations for Fan Noise Tests 
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Figure 32 Acoustic Recording System for Fan Noise Tests 
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Figure 33 Acoustic Data-Reduction System 
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Figure 35 Overall Performance of Rotor, Optimization Test at Design Speed 
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Figure 36c Slotted Rotor Blade Element Performance Optimization Test 
— 90 Percent Span From Hub 
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Figure 37a Stator Blade Element Performance, Optimization Test 
— 1 0 Percent Span From Hub 
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Figure 37b Stator Blade Element Performance, Optimization Test 
— 50 Percent Span From Hub 
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Figure 37c Stator Blade Element Performance, Optimization Test 
— 90 Percent Span From Hub 
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Figure 38 Rotor Loss and Deviation Angle Versus Span for Nominal and Ten-Degree 
Closed Stator Setting Angles at Design Speed 
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Figure 39 Pressure Wakes at Stator Exit for Nominal and Ten-Degree Closed 
Stator Settings at Design Speed 
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Figure 41 


Overall Fan Stage Performance With Uniform Inlet Flow, Nominal 
Stator Setting 
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ROTOR PRESSURE RATIO, P /P ROTOR ADIABATIC EFFICIENCY 

T) ad - PERCENT 





STRAIN GAGE LETTER 
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Stator at 100 Percent of Design Speed 


STRAIN GAGE LETTER 
REFER TO FIGURE 30 
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STAGE PRESSURE RATIO, P 12 /P 5 STAGE ADIABATIC EFFICIENCY, 

~ PERCENT 




CORRECTED WEIGHT FLOW, W^S/5 ~ LB/SEC 

Figure 49 Overall Fan Stage Performance With Uniform Inlet Flow and 
Nominal Stator Setting, Showing Effect of Skewed Slots Tip 
Treatment 
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SYMBOLS - ROTOR TIP TREATMENT 


£ 100% CORRECTED DESIGN SPEED 
■ 95 
^ 90 
A 80 
♦ 65 


SLASHED SYMBOLS - STALL FLOWS 
SOLID LINE - NO TIP TREATMENT 



FLOW, W^/0/5 ~ LB/SEC 


' Rotor With Uniform Inlet Flow and 
Showing Effect of Skewed Slots Tip 







LOSS COEFFICIENT, W DIFFUSION FACTOR, D DEVIATION ANGLE, 8 °, DEGREES 


% Design 

Symbol Speed Mach No. Range 


«J> 110 

□ 100 
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.595 - .680 
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B Redesign point 

Flagged symbols = 10 closed stator setting 
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10 12 1 


INCIDENCE ANGLE, SUCTION SURFACE, l $ , DEGREES 

Slotted Rotor Blade Element Performance With Uniform Inlet Flow From 
Test With the Nominal and 10 Degree Closed Stator Settings at 5 Percent 
Span From Hub 




INCIDENCE ANGLE, SUCTION SURFACE, Ig, DEGREES 

Figure 51b Slotted Rotor Blade Element Performance With Uniform Inlet Flow From 
Test With the Nominal and 10 Degree Closed Stator Settings at 10 Percent 
Span From Hub 





LOSS COEFFICIENT, W DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 



INCIDENCE ANGLE, SUCTION SURFACE, l s , DEGREES 

Figure 5 1 c Slotted Rotor Blade Element Performance With Uniform Inlet Flow From 

Test With the Nominal and 10 Degree Closed Stator Settings at 1 5 Percent 
Span From Hub 
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% Design 

f Symbol Speed Mach No. Range 
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Flagged symbols = 1 0 closed stator setting 
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INCIDENCE ANGLE, SUCTION SURFACE, l $ , DEGREES 

Slotted Rotor Blade Element Performance With Uniform Inlet Flow From 
Test With the Nominal and 10 Degree Closed Stator Settings at 30 Percent 
Span From Hub 



LOSS COEFFICIENT, o7 DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 



INCIDENCE ANGLE, SUCTION SURFACE, l s , DEGREES 


Figure 5 1 e 


Slotted Rotor Blade Element Performance With Uniform Inlet Flow From 
Test With the Nominal and 1 0 Degree Closed Stator Settings at 50 Percent 
Span From Hub 
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0 Redesign point 

Flagged symbols = 10 closed stator setting 
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INCIDENCE ANGLE, SUCTION SURFACE, l s . DEGREES 


Slotted Rotor Blade Element Performance With Uniform Inlet Flow From 
Test With the Nominal and 10 Degree Closed Stator Settings at 70 Percent 
Span From Hub 
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INCIDENCE ANGLE, SUCTION SURFACE, Ig, DEGREES 

Slotted Rotor Blade Element Performance With Uniform Inlet Flow From 
Test With the Nominal and 10 Degree Closed Stator Settings at 85 Percent 
Span From Hub 
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* '■ Symbol Speed Mach No. Range 

: •& 110 1.156- 1.192 

□ 100 1.010- 1.090 
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O 80 .785- .860 

pi X 65 .625- .653 

lC Redesign point 

Flagged symbols « 1 0 closed stator setting 
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INCIDENCE ANGLE, SUCTION SURFACE, l s , DEGREES 

Slotted Rotor Blade Element Performance With Uniform Inlet Flow From 
Test With the Nominal and 1 0 Degree Closed Stator Settings at 90 Percent 
Span From Hub 
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% Design 
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> 90 .903- .997 

O 80 .800- .874 

H X 65 .637- .665 

Redesign point 

Flagged symbols = 1 0 closed stator settin g 
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INCIDENCE ANGLE, SUCTION SURFACE, Ig, DEGREES 

Slotted Rotor Blade Element Performance With Uniform Inlet Flow From 
Test With the Nominal and 1 0 Degree Closed Stator Settings at 95 Percent 
Span From Hub 



LOSS COEFFICIENT, CO DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 



Figure 52a Stator Blade Element Performance With Uniform Inlet Flow Showing Effect 
of 1 0 Degree Closed Stator Setting at 5 Percent Span From Hub 






LOSS COEFFICIENT, Z3 DIFFUSION FACTOR, D DEVI ATION ANGLE, 5°, DEGREES 



INCIDENCE ANGLE, SUCTION SURFACE, i s , DEGREES 

Figure 52b Stator Blade Element Performance With Uniform Inlet Flow Showing Effect 
of 10 Degree Closed Stator Setting at 10 Percent Span From Hub 



LOSS COEFFICIENT, CO DIFFUSION FACTOR, D DEVI ATION ANGLE, 5°, DEGREES 








Symbol Speed Mach No. Range 
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Flagged symbols = 10 closed stator 
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LOSS COEFFICIENT, to DIFFUSION FACTOR, D DEVIATION ANGLE, 6°, DEGREES 


% Design 
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12 H Redesign point 

Flagged symbols = 10 closed stator setting 
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INCIDENCE ANGLE, SUCTION SURFACE, i $ , DEGREES 

Figure 5 2d Stator Blade Element Performance With Uniform Inlet Flow Showing Effect 
of 10 Degree Closed Stator Setting at 30 Percent Span From Hub 
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LOSS COEFFICIENT, to DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 




INCIDENCE ANGLF SUCTION SURFACE, i s , DEGREES 


Figure 52e Stator Blade Element Performance With Uniform Inlet Flow Showing Effect' 
of 10 Degree Closed Stator Setting at 50 Percent Span From Hub 
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LOSS COEFFICIENT, Z5 DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 



Figure 52f Stator Blade Element Performance With Uniform Inlet Flow Showing Effect 
of 10 Degree Closed Stator Setting at 70 Percent Span From Hub 
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INCIDENCE ANGLE, SUCTION SURFACE, i s , DEGREES 

Figure 52g Stator Blade Element Performance With Uniform Inlet Flow Showing Effect 
of 1 0 Degree Closed Stator Setting at 85 Percent Span From Hub 









LOSS COEFFICIENT, Z5 DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 
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INCIDENCE ANGLE, SUCTION SURFACE, i s , DEGREES 


Figure 52h Stator Blade Element Performance With Uniform Inlet Flow Showing Effect 
of 10 Degree Closed Stator Setting at 90 Percent Span From Hub 
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LOSS COEFFICIENT, CO DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 



Figure 52i Stator Blade Element Performance With Uniform Inlet Flow Showing Effect 
of 10 Degree Closed Stator Setting at 95 Percent Span From Hub 
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Figure 54 Spanwise Distribution of Losses, Deviation, and Diffusion Factors 
for Rotor at Design Speed 
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Figure 55 Spanwise Distribution of Losses, Deviation, and Diffusion Factors 
for Stator at Design Speed 
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STATOR INLET AIR ANGLE, P in ^DEGREES EFFECTIVE-FLOW-AREA/ACTUAL-FLOW-AREA, K 


PREVIOUS TESTS (REF'1 & 2} 



PERCENT SPAN 

Figure 56 Blockage Factor Distributions at the Rotor Exit and Stator Inlet 
for Data Reduction 



HUB TIP 

PERCENT SPAN AT STATOR INLET INSTRUMENTATION PLANE 


Figure 57 Calculated and Measured Stator Inlet Air Angles as a Function of 
Span at Design Speed 
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LOSS COEFFICIENT, l j DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 




INCIDENCE ANGLE, SUCTION SURFACE, Ig, DEGREES 

Figure 58a Slotted Rotor Blade Element Performance With Uniform Inlet Flow Showing 
the Effect of Skewed Slot Tip Treatment at 10 Percent Span From Hub 
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INCIDENCE ANGLE, SUCTION SURFACE, lg, DEGREES 

Figure 58b Slotted Rotor Blade Element Performance With Uniform Inlet Flow Showing 
the Effect of Skewed Slot Tip Treatment at 50 Percent Span From Hub 
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LOSS COEFFICIENT, CJ DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 
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INCIDENCE ANGLE, SUCTION SURFACE, l s , DEGREES 

Slotted Rotor Blade Element Performance With Uniform Inlet Flow Showing 
the Effect of Skewed Slot Tip Treatment at 90 Percent Span From Hub 
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1/3 -OCTAVE FREQUENCY BAND: 710-890 Hz 




0.8 0.9 1.0 1-1 1.2 1-3 

BLADE TIP RELATIVE MACH NUMBER, M 1 

Figure 59 Broadband Sound Pressure Levels in One-Third Octave Bands at Fan Inlet 
With Nominal and Ten-Degree Closed Stator Settings, Open Throttle 
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BROADBAND SOUND PRESSURE LEVEL, dB, (RE = 0.0002 DYNE/CIVT) 




.8 .9 1.0 1.1 1.2 1.3 

BLADE TIP RELATIVE MACH NUMBER, M' 

Figure 60 Broadband Sound Pressure Levels in One-Third Octave Bands at Fan Inlet 
With Nominal and Ten-Degree Closed Stator Settings, Part Throttle 




BROADBAND SOUND POWER LEVELS , dB, (RE: 10' WATT/ 



BLADE TIP RELATIVE MACH NUMBER, M 1 


Figure 61 Total Inlet Broadband Sound Power Level, Nominal Stator 



BLADE TIP RELATIVE MACH NUMBER. M ( 

Figure 62 Total Inlet Broadband Sound Power Level, Ten-Degree Closed 
Stator Setting 
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SOUND PRESSURE LEVEL, dB, (RE: 0.0002 DYNES/CIVT) 



BLADE TIP RELATIVE MACH NUMBER, M' 


Figure 64 Time-Averaged Blade-Passing-Frequency Inlet Noise For Fan With 
Ten-Degree Closed Stator at Wide Open Throttle 
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SOUND PRESSURE LEVEL, dB # (RE: 0.0002 DYNES/C(Vr) 



BLADE TIP RELATIVE MACH NUMBER, M 1 


Figure 66 Time-Averaged Blade-Passing-Frequency Inlet Noise For Fan With 
Ten-Degree Closed Stator at Part Throttle 


109 





SOUND PRESSURE LEVEL, dB, (RE: 0.0002 DYNES/CM 2 ) 



BLADE TIP RELATIVE MACH NUMBER, M ' 


Figure 67 Supersonic Fan Inlet Noise and Integrated Broadband Sound Pressure 
Levels With Nominal and Ten-Degree Closed Stator Settings at Wide 
Open Throttle 
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SOUND PRESSURE LEVEL, dB, (RE: 0.0002 DYNES/CIVT) 
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BLADE TIP RELATIVE MACH NUMBER, M ' 

Figure 68 Supersonic Fan Inlet Noise and Integrated Broadband Sound Pressure 
Levels With Nominal and Ten-Degree Closed Stator Settings at Part 
Throttle 
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BLADE TIP RELATIVE MACH NUMBER, M ’ 


Figure 69 Time-Averaged Blade-Passing-Frequency Noise Downstream of Fan With 
Ten-Degree Closed Stator Setting 








BROADBAND SOUND PRESSURE LEVEL, dB, (RE: 0.0002 DYNES/CM 2 ) 


1/3-OCTAVE FREQUENCY BAND: 710-890 Hz 



1/3-OCTAVE FREQUENCY BAND: 2810- 3540 Hz 



1/3-OCTAVE FREQUENCY BAND: 7100-8900 Hz 



BLADE TIP RELATIVE MACH NUMBER, M ' 


Figure 70 Inlet Broadband Sound Pressure Level in One-Third Octave Bands, With 
and Without Rotor Tip Casing Treatment, Nominal Stator at Wide Open 
Throttle 
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BROADBAND SOUND PRESSURE LEVEL, dB, (RE 0.0002 DYNES/CM 2 ) 




BLADE TIP RELATIVE MACH NUMBER, M ' 


Figure 7 1 Inlet Broadband Sound Pressure Level in One-Third Octave Bands, With 
and Without Rotor Tip Casing Treatment, Nominal Stator at Part 
Throttle 
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CM 



BLADE TIP RELATIVE MACH NUMBER, M ' 


Figure 72 Total Inlet Broadband Sound Power Level For Fan With Rotor Tip 
Casing Treatment, Nominal Stator 



BLADE TIP RELATIVE MACH NUMBER, M * 


Figure 73 Time-Averaged Blade-Passing-Frequency Inlet Noise for Fan With 

Rotor Tip Casing Treatment, Nominal Stator at Wide Open Throttle 
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BLADE TIP RELATIVE MACH NUMBER, M' 


Figure 75 Supersonic Fan Inlet Noise and Integrated Broadband Sound Pressure 
Levels With and Without Rotor Tip Casing Treatment, Nominal Stator 
at Wide Open Throttle 
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Figure 76 Supersonic Fan Inlet Noise and Integrated Broadband Sound Pressure 
Levels With and Without Rotor Tip Casing Treatment, Nominal Stator 
at Part Throttle 



Figure 77 Time-Averaged Blade-Passing-Frequency Noise Downstream of Fan 
With Rotor Tip Casing Treatment, Nominal Stator 
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SOUND PRESSURE LEVEL. dB. (RE: 0.0002 DYNES/CM 2 ) 






Figure 78 Sound-Pressure- Level Spectra Downstream of Fan With Rotor Tip 
Casing Treatment, Nominal Stator 
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Figure 79 Tip-Radial Distortion Pattern at Rotor Inlet at 95 Percent of Design 
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UNSHADED SYMBOLS - NO TIP TREATMENT 
■ 95% CORRECTED DESIGN SPEED 
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SLASHED SYMBOLS STALL FLOWS 


SOLID LINE - UNIFORM INLET FLOW, NO TIP TREATMENT 




STRAIN GAGE LETTER 
REFER TO FIGURE 30 
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Figure 82 Oscillograph Trace of Stall With Tip-Radial Distortion With Treated Rotor Tip 
Casing at 95 Percent of Design Speed 





Figure 83 Oscillograph Trace of Stall With Tip Radial Distortion With Solid Casing at 95 
Percent of Design Speed 


LOSS COEFFICIENT, a> DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 



INCIDENCE ANGLE, SUCTION SURFACE, l s , DEGREES 

Figure 84a Slotted Rotor Blade Element Performance With Tip Radial Distortion Showing 
the Effect of Skewed Slot Tip Treatment at 10 Percent Span From Hub 
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LOSS COEFFICIENT, to DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 














































l.Jm 

13 

i ■ 












w 

► 































































ssign 

trl l\ 'ir- 

K Mn 

Ra. 











% De 





















i 

95 

> 90 

.843 - .5 
.794 - 

311 

352 










□ 80 

CB 

.702 - . 

738 




neaesign punu 

Shaded symbols = Treated casing 






LOSS COEFFICIENT, CJ DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 


16 



i 



• ■ S • : i n 

■ ; k i 

M U U : V s ? '■ ■ : 

K3 ® 







esign 

;d Mach No. Range 

.901 - .950 
.851 - .890 
.751 - .775 
lesign point 
mbols = Treated casing 

! ; * j • u....: j : i ■ ! j [... Symbol Spec 

1 : D> 90 

f ; j ! : 1 : □ 80 

! : Shaded syi 



-10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 


INCIDENCE ANGLE, SUCTION SURFACE, l $ , DEGREES 

Figure 84c Slotted Rotor Blade Element Performance With Tip Radial Distortion Showing 
the Effect of Skewed Slot Tip Treatment at 90 Percent Span From Hub 
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LOSS COEFFICIENT, CO DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 



INCIDENCE ANGLE, SUCTION SURFACE, Ig, DEGREES 

Figure 85a Stator Blade Element Performance With Tip Radial Distortion, Including the 
Effect of Rotor Tip Casing Treatment, at 10 Percent Span From Hub 
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LOSS COEFFICIENT, u> DIFFUSION FACTOR, D DEVIATION ANGLE, 5 °, DEGREES 
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INCIDENCE ANGLE, SUCTION SURFACE, l s , DEGREES 


Figure 85b 


Stator Blade Element Performance With Tip Radial Distortion, Including the 
Effect of Rotor Tip Casing Treatment, at 50 Percent Span From Hub 
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LOSS COEFFICIENT, W DIFFUSION FACTOR, D DEVIATION ANGLE, 5°. DEGREES 



INCIDENCE ANGLE, SUCTION SURFACE, l s , DEGREES 


Figure 85c Stator Blade Element Performance With Tip Radial Distortion, Including the 
Effect of Rotor Tip Casing Treatment, at 90 Percent Span From Hub 


130 








SCREEN 



Figure 86 Hub-Radial Distortion Pattern at Rotor Inlet at 95 Percent of Design Speed 
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STAGE PRESSURE RATIO, P-^/Pg STAGE ADIABATIC EFFICIENCY, ^—PERCENT 


SHADED SYMBOLS - ROTOR TIP TREATMENT AND NOMINAL STATOR 
UNSHADED SYMBOLS - NO TIP TREATMENT AND NOMINAL STATOR 
HALF SHADED SYMBOLS -NO TIP TREATMENT AND 10° CLOSED STATOR 

■ 95% CORRECTED DESIGN SPEED 
+ 90 


A 80 

SLASHED SYMBOLS - STALL FLOWS 

SOLID LINE - UNIFORM INLET FLOW, NO TIP TREATMENT, AND NOMINAL STATOR 



CORRECTED WEIGHT FLOW, W^/0/5 ~ LB/SEC 


Figure 87 Overall Fan Stage Performance With Hub-Radial Distortion, Showing Effect 
of Skewed Slots Rotor Tip Treatment and of Ten-Degree Closed Stator 
Setting 
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ROTOR PRESSURE RATIO, P-/P,- R0T0R ADIABATIC EFFICIENCY, 17. ~PERCENT 


SHADED SYMBOLS - ROTOR TIP TREATMENT AND NOMINAL STATOR 
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HALF SHADED SYMBOLS - NO TIP TREATMENT AND 10° CLOSED STATOR 
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♦ 90 

A 80 

SLASHED SYMBOLS - STALL FLOWS 

SOLID LINE - UNIFORM INLET FLOW, NO TIP TREATMENT. AND NOMINAL STATOR 
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CORRECTED WEIGHT FLOW , Ws/O/d ~ LB/SEC 

Figure 88 Overall Performance of Rotor With Hub-Radial Distortion, Showing Effect of 
Skewed Slots Rotor Tip Treatment and of Ten-Degree Closed Stator Setting 


133 





134 


Figure 89a Oscillograph Trace of Stall With Hub-Radial Distortion, 80 Percent of Design 
Speed and Treated Rotor Tip Casing 
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Speed and Treated Rotor Tip Casing 
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Figure 90a Oscillograph Trace of Stall With Hub Radial Distortion, 80 Percent of Design 
Speed and Solid Casing 
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Figure 90b (Continued) Oscillograph Trace of Stall With Hub-Radial Distortion, 80 Percent of Design 

Speed and Solid Casing 
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Figure 91a Slotted Rotor Blade Element Performance With Hub Radial Distortion, 

Including Data With 10 Degree Gosed Stator Setting, Showing the Effect of 
Rotor Tip Casing Treatment at 10 Percent Span From Hub 
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Figure 91b Slotted Rotor Blade Element Performance With Hub Radial Distortion, 

Including Data With 10 Degree Closed Stator Setting, Showing the Effect of 
Rotor Tip Casing Treatment at 50 Percent Span From Hub 
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INCIDENCE ANGLE, SUCTION SURFACE, Ig. DEGREES 


Figure 9 1 c Slotted Rotor Blade Element Performance With Hub Radial Distortion, 

Including Data With 10 Degree Closed Stator Setting, Showing the Effect of 
Rotor Tip Casing Treatment at 90 Percent Span From Hub 


140 



LOSS COEFFICIENT, co DIFFUSION FACTOR, D DEVIATION ANGLE, 6°, DEGREES 



INCIDENCE ANGLE, SUCTION SURFACE, \ y DEGREES 


Figure 92a Stator Blade Element Performance With Hub Radial Distortion Showing the 
Effects of 1 0 Degree Closed Stator Setting and Rotor Tip Casing Treatment 
at 1 0 Percent Span From Hub 
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LOSS COEFFICIENT, u> DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 
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Figure 92b Stator Blade Element Performance With Hub Radial Distortion Showing the 
Effects of 10 Degree Closed Stator Setting and Rotor Tip Casing Treatment 
at 50 Percent Span From Hub 
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LOSS COEFFICIENT, U) DIFFUSION FACTOR, D DEVIATION ANGLE, 6°, DEGREES 



Figure 92c Stator Blade Element Performance With Hub Radial Distortion Showing the 
Effects of 10 Degree Closed Stator Setting and Rotor Tip Casing Treatment 
at 90 Percent Span From Hub 
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STAGE PRESSURE RATIO, P 12 / P5 STAGE ADIABATIC EFFICIENCY, r? a(J ~ PERCENT 


Figure 93 




Overall Fan Stage Performance With Circumferential Distortion Showing Effect 
of Skewed Slots Rotor Tip Treatment and of Ten-Degree Closed Stator Setting 
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STATIC PRESSURE , p ~PSFA 



CIRCUMFERENTIAL LOCATION ~DEGREES 

Figure 95 Circumferential Patterns of Measured Static Pressure on the Rotor Inlet Outer 
Case, With Circumferential Distortion, Near Stall at 95 Percent of Design Speed 


146 




STRAIN GAGE LETTER 
REFER TO FIGURE 30 
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Figure 96a Oscillograph Trace of Stall With Circumferential Distortion at 95 Percent of 
Design Speed With Rotor Tip Casing Treatment 
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Figure 96b (Continued) Oscillograph Trace of Stall With Circumferential Distortion at 95 Percent of 

Design Speed With Rotor Tip Casing Treatment 
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Figure 97 Oscillograph Trace of Stall With Circumferential Distortion at 95 Percent of 
Design Speed With Solid Casing 
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Figure 98 Rotor Inlet Circumferential Patterns of Velocity, Angle, and Pressure With 

Circumferential Distortion at 95 Percent of Design Speed With Nominal Stator 
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Figure 99 Rotor Inlet Circumferential Patterns of Velocity, Angle, and Pressure With Cir- 
cumferential Distortion at 95 Percent of Design Speed With Ten-Degree Closed 
Stator Setting 
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Figure 100 Rotor Inlet Circumferential Patterns of Velocity, Angle, and Pressure With 

Circumferential Distortion at 95 Percent of Design Speed With Nominal Stator 
and Treated Tip Casing 
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Figure 1 01 Stator Discharge Circumferential Patterns of Velocity, Angle, and Pressure 

With Circumferential Distortion at 95 Percent of Design Speed With Nominal 
Stator 


153 





TOTAL PRESSURE, 

VELOCITY, Vn^j -LB/SEC FLOW ANGLE, 0 13 ~ DEGREES P 13'~ PSFA 


10 PERCENT SPAN FROM HUB 





NEA 

<\ STALL 
/5- 148,1 

[XM 

LB/SEC 


p=Q 

P 

/ 

7^0- 


u 

D-'"' 



OO j 
o' 

> 

/ 

J. 

A i 

WIDE OPE 
W\/0/» - 

b---d 

:N 

161.2 LB IS 

sc 


\ 

A — 1 

SCREEN LOCATION 

32 INCHES FORWARD OF ROTOR 





N 

cr'"' 

— o 

-o- 

-X>— 

0 o 



o a 




^Tk, 

“A. 

\ 




D-" 

/ 



j 



IT 

RO 

TOR ROT/ 
1 

ITION i 

I : 




50 PERCENT SPAN FROM HUB 




Su 

f -55 

if 

s ' 





A. 

7 1 

/ 

V/ 

rA 







/ 



a 



'"t? 




S^/ 


3 cr 

i 

— 


7^ 




ROT 

il 

o 

2 

1 







O 40 80 J 20 160 200 240 280 320 360 

CIRCUMFERENTIAL LOCATION ~ DEGREES 



5 E 
< 2 



Q 















1 

w 



ROTOR ROTATION 



Figure 1 02 Stator Discharge Circumferential Patterns of Velocity, Angle, and Pressure 
With Circumferential Distortion at 95 Percent of Design Speed With Ten- 
Degree Closed Stator Setting 
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Figure 1 03 Stator Discharge Circumferential Patterns of Velocity, Angle, and Pressure 

With Circumferential Distortion at 95 Percent of Design Speed With Nominal 
Stator and Rotor Tip Casing Treatment 


PAGE NO. 


155 





CIRCUMFERENTIAL LOCATION "“DEGREES 


Figure 1 04 Stator Discharge Circumferential Patterns of Temperature With Circumferen- 

tial Distortion at 95 Percent of Design Speed With Nominal Stator 
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Figure 1 05 Stator Discharge Circumferential Patterns of Temperature With Circumferen- 
tial Distortion at 95 Percent of Design Speed with Ten-Degree Closed Stator 
Setting 
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Figure 106 Stator Discharge Circumferential Patterns of Temperature With Circumferen- 
tial Distortion at 95 Percent of Design Speed With Nominal Stator and Rotor 
Tip Casing Treatment 
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Figure 1 07 Circumferential Screen Pressure Ratio, P 4 Average/P 0 
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APPENDIX A 

DEFINITION OF SYMBOLS AND PERFORMANCE PARAMETERS 


SYMBOLS 

^an 

A/A* 

(A/A*)min - 
a 


c 

D 

E 


dB 

f 

fz 

8c 

H 


M 

MR 

N 

P 


'y 

annulus area, ft (station 5, Figure 28) 

ratio of actual area to critical area (where local Mach number is one) 

minimum value of A/A* in channel between blades 

distance along chord from leading edge of airfoil to point of maximum 
camber, inches (meters) 

chord (aerodynamic on flow surface), inches (meters) 
diffusion factor 

the angle between rays drawn to a conical design surface, one ray 
to the leading edge of an airfoil section, the second to some other point 
on the airfoil (Figure 108), degrees (radians) 

decibel 

frequency 

bandwidth of each 1 /3-octave, hertz 
conversion factor, 32.17 lb m ft/lb sec^ 
reverberation time, sec 

incidence angle, angle between inlet air direction and line tangent to blade 
mean camber line at leading edge, degrees 

incidence angle, angle between inlet air direction and line tangent to blade 
suction surface at leading edge, degrees 

Mach number 

mass average in radial direction (Tables XXII to XXVII) 
rotor speed, rpm 
total pressure, psfa 
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PWL 

P 

R 

RLE 

RTE 

r 

SPL 

T 

t 

t 

U 

V 

V z 

Vm 

V 0 

v 

W 

z 

0 

j3'* 

A0 


sound power level based on a reference power of 10 "^ watt 

static pressure, psfa 

gas constant for air, ft lb/lb m 0 R 

leading edge airfoil radius, inches 

trailing edge airfoil radius, inches 

radius measured from rig centerline, inches 

sound pressure level (dB, 0.0002 dyne/cm^) 

total temperature, °R 

static temperature, °R 

blade maximum thickness, inches 

rotor speed, ft/sec 

air velocity, ft/sec 

axial air velocity, ft/sec 

meridional air velocity, (V f ^+ V z ^) ft/sec 

tangential component of air velocity (V^ - Vm^) ^ , ft/sec 

volume of a chamber, fP 

weight flow, lb/ sec 

dimension in the axial direction 

absolute air angle [ cot'^ , degrees (radians) 

metal angle on conical surface between tangent to mean camber line and 
axial direction at leading and trailing edge, degrees (radians) 

air turning angle j3 5 - /3 g for rotors and /3j j - |3j2 f° r stators, degrees 
(radians) 
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7 


ratio of specific heat for air, 1.4 


O 


7 


5 

5° 


e 


t? 

0 

P 

a 

r 

0 


0E 


CO 

CO 

Superscripts 

9 

* 

Su bscripts 
ad 


setting angle or blade chord angle, angle between a chord line and the 
axial direction (measured in a plane parallel to the z-axis (Figure 109), 
degrees (radians) 

ratio of inlet total pressure to standard pressure of 21 16.22 lb/ft z 

deviation angle, angle between exit air direction and tangent to blade 
mean camber line at trailing edge, degrees 

angle between tangent to streamline projected on meridional plane and 
axial direction, degrees 

efficiency, percent 

ratio of inlet total temperature to standard temperature of 518.6°R 

mass density, lb-sec^/ft^ 

solidity, ratio of chord to spacing 

camber distribution, c sin <pf /2 

CfSin 0 J2 


blade camber angle, difference between blade metal angles at leading and 
trailing edges on conical surfaces, £ 5 * - 0 g* for rotors and 1 * - P\2* for 
stators, degree (radians) 

blade camber angle on plane of “unwrapped” conical surface 0 5 * - 0 g* 
-Ejg for rotors and /3 j j * - P\2* * Ej£ for stators (Figure 108), degrees 
(radians) 

total pressure loss coefficient 
angular velocity of rotor, radians/sec 


relative to moving blades 
designates blade metal angle 


adiabatic 
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f 

m 

P 

r 

sh 

s 

z 

9 
0 

4 

5 

6 

10 
11 
12 
13 

COR 


front 

meridional (velocity) 
polytropic or profile 
radial direction 
shock 

suction surface 
axial direction 
tangential component 
plenum chamber 

instrument plane upstream of rotor 
station at rotor inlet 
station at rotor exit 
instrument plane upstream of stator 
station at stator leading edge 
station at stator trailing edge 
instrument plane downstream of stator 
corrected to standard day conditions 
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PERFORMANCE PARAMETER DEFINITIONS 


a) Relative total temperature 



b) Incidence angle based on mean camber line 

«m - ff'B - 0’*5 

‘m “ Oil -0*11 

c) Deviation (DEV , 5 0 ) 

a- = u' 6 - 8'* 6 
a° = 012 ■ 0*12 

d) Diffusion factor (D-FAC) 

V* r V - r V 

D = 1 6 V g6 5 0 5 

" V 5 ( r 5 + V* V *5 

D _ 1 V 12 + r il V ^ 11 ~ r !2 V 0 12 

" V 11 (r il + r i 2 ) ffV ll 

e) Loss coefficient (OMEGA-B) 



(rotor in) 
(rotor out) 

(rotor) 

(stator) 

(rotor) 

(stator) 

(rotor) 

(stator) 


(rotor) 

(stator) 
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f) Loss parameter (LOSS-P) 


w cos £ ' 
6 

2a 


(rotor) 


co cos ^12 
2 a 


(stator) 


g) Polytropic efficiency (EFF-P, TOTAL) 



(rotor) 


(stator) 


h) Adiabatic efficiency (EFF-AD, TOTAL) 



(rotor) 


^ad = 




(stage) 
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i) Wake blockage factor 

K is the blockage factor used in the continuity equation: 

W = f K p V n dA 

where V n is the velocity component normal to the incremental area. 


K 



PAV 

avg 


where n is number of tangential traverse points equally spaced across a stator gap and pAV avg 
is calculated from mass flow averaged values of P, p, and T at that radius 

j) Stall margin 



For absolute values of stall margin, the reference is generally an operating point near peak 
efficiency. 
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Figure 1 09 Airfoil Coordinate Definition for Manufacturing Sections 
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STATOR AIRFOIL COORDINATES 
ON 

MANUFACTURING SURFACES 
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Stator Airfoil Coordinates on Manufacturing Surfaces 


(X 

U 


i 

i U 


i/i 

CC 

LJ 


; x 

i a 
2 


. 1/1 
f >- 


«H 

CM CM Csl *H 

h a 

cn 


uj zr 

cm m 

in 

a 

cr c- 

tn 

a 

a 

r j c- 

a- 

a 

m 

a 

CJ H 

CM M 

zr ui 

in 

1 0 

c- 

CO 

o tn 

CJ 

r-t 

H H 


CM 

Cj 

CJ r-i 

r-< 

rM CJ 

a 

o CJ 

a a 

lj a 

a 

a 

O rj 

U LJ 

H 

rH 

H .M 


•H 

*--4 

-1 H 


H 


Cl 

• 

CJ CJ 

* • 

cj o 

• • 

i 

ao 

• • 

a 

• 

a 

• 

C 

CJ 

• 

CJ tj 

* • 

O CJ 

» • 

CJ CJ 

• • 

1 

CJ LJ 

• • 

i 

CJ 

• 

o CJ 

• • 

O 

• 

cj a 

• • 

<-* 

H C- 

1 

t 

in k» 

a ■** 

■zr 

H 

co 

cc 

CJ to 

CM 

to 

1 

m* cm 

i 

a* 

in 

in 

i 

O’ CM 

cn 

a 

«H 

a 

CJ CJ 

H CM 

m fi 

zr 

in 

n a 

m r- 

cn 

CO 

or> cr> 

cn 

cn 

tn 

cn tn 

rt> 

CO 

ai 

a 

a i j 

a a 

a a 

a 

a 

a i J 

a a 

a 

a 

a a 

CJ 

a 

a 

a cj 

t J 

CJ 

U 

CJ 

• 

cj cj cj a 

• • ■ • 

CJ o 

• • 

a 

• 

a 

• 

CJ 

< 

a 

• 

o o 

• • 

a a 

• • 

a o 

• • 

a a 

• • 

o 

• 

a a 

• % 

a 

• 

CJ 

• 

a 

• 


(.O CJ 1 Csi fM 

f~ 10 io in a 

u u u u o 

o o u o o 


i <J 

f ri 


H «-• CM 

N a U) 

cj cj u 

CJ Cl LJ 


N Fl 
CO o 
CJ *H 


K> 

<M a 


O O 


F- F^ CO oam a O rH * 


m in h 

LJ U u 
Cl o u 


■a , int^LO u> f'» rJ co co cp a OrtHN^nin^j 

lOtoDNadXOQrjaNoiHninNoiHf'iui 

^ ZT j- J in U1 U1 

CJ LJ o tj u q a u a a a a o o o cj u o o o 


i i 

! 

to uj: lO 
cn w ro 
in co uo 
□ o cj 


lO 

i*y. 

iD 

cj 


i 


i 


in ^ n j fo fM cn id cri ui j N o 

NaiQfomMffiN 
ODaro {\ jta < Mnu ) 0 > NU ) CjHnju ) 
a □ □ □ H H h N rj r>rn n n J a- j j 


F> CM 

O » 




to ui 
a: re 
li LJ 

i-- 
LJ IJ 
21 21 


1/1 

3> O 
HC 
o o 
< X 
tr o 


j 

i^i 

H 

F" 


cm a 

H 

CD Fl 

rM H 

tn 

Fl aj 

tJ O 

O 01 

Fl a 

CJ a 

OrM 

a a 

• • 

a a 

• • 

a in 

• • 

H II 

.. 

„ 

II il 





L ^ 



tn • 

in in 



o 

ce a: 



LJ < 

l-J LJ 



f- cr 

r— **• 



LJ — 

tj a 

tn in 

a: a 

>; si 

ce cc 

• l£ 


>- »- to x 

LJ LJ — CJ 
* X < I 
*-1 l J < 
o o l ccX. 
U o H u < 23 

u a -J >* l : <c 
isi >• oca xo 

I 


h o a a 




! 

f 





; 


m 

m 

UJ 

m 

zr 

CM 


zr 

<n 


co 

zr 

Fl 

CJ 

in 

tn 


.CJ 

Fl 

CM 

a 

a 

CO 

tn 

to 

zr 

C- 

Fl 

CM 

CM 

rH 

co 

in 

in 

r 

Fl 

Fl 

a 

a 

H 

F- 

a* 

in 

H 

r~ 

CM 

to 

cr. 

o 

a 

• 

• 

• 

• 

• 

. • 

• 

• 

Fl 

F» 

Fl 

CJ 

CM 

H 

a 

a 

a. 

aj] 

h 

H 



I 


ai 


i 


i 


! 


; o N h- h h- mq © jv co m a ao 

: ui >o id tf> co cor- a h mo mi 

(j Q f\j m co h j N G rj in sc 

U □ U O O H *H ~H CM cmw cm fi 

i ^ • * • 


o 

H CO 
CJ K> 
m to 


LO. o 

rH CVJ 

in m 
Fl. Fl 


I li 


1 1 ) in a) u)' in k> H m. oo id a <m ra 
ioJoHc \ inj - aind ) N©(n 
1 rj a co io j mo cn oj jn am 
O o O H M m J J tn lOMOffl 


I 

tn e'- 
en a 
id in 
cp o 


F- CM 
CO CM 
ID F- 

F 1 lO 


i ■ 

f> rH m cm M in m j U) in 

cm m N m co a co cm «h in 

f to cd in M cm ai r- zr, o 

et n fl K> to n l 4 N l si, IM 


• ••«••• 

i 


cn ® n a- n; 
m in o n j 

lOHUl GO 

H H fl O U 


« 1 i 


i 


m f> cm 1 o co to in’ to --i <p r^ o) a? cm 
NMaa-iniflNaxBaio hcj 
HtJ)MnMHCTM1M(MOCO 

r m n n ^ m u),io h (O on g r iH 


a cn cm to in 
fi fi a pm in: 
io a n a a; 

cm m a m m? 


H H< H H H H r-4 CM Cst CM CM CM CM : CM CM 


in 

>“ 


1 

CMCM(M°M<\»^MO<Pa 3 U If) N (J U 3 H Ul O H>J N rH CP 

u L H Ntn d- in t*UD F Cl n O P rH rM H FJ FJ CM N H 

uuaoa JuuutJoJjH .h .h h *** .h h w •"» 

O D o o o O CJ GO CI CJ CJ CJ Cl OCJ o o o o O Cl CJ DC 



to rM *0 

*h h a 


U CM 
CJ c > 
H cj 
CJ o 


I 

fM *-* 
cn F- 
O U 
o o 


CO CM zT tM 

ina cm cj 
I J cj a u 
o o o cj 


if li tin ill 


HHNuinH«ouiojcnioN<Dn oj h j i£> io n uj j- n oj a co *h fi a m h o h 

aonHNMMainnioNNa) co tn tn oi cn ci tn <n at m « n n n in a fi ho 

j o u a □ a u o o a a u a o a J q u ■ ~ 


to in 

a: at 

LJ LJ 


i/i to 
ce a: 
LJ LJ 


! 


>• 

a 

a 

Cl 

ci a 

a cj 

a 

C 1 CJ 

CJ 

CJ 

o 

a 

o a 

CJ 

a 

a 

CJ 

CJ 

CJ 

a 

a cj 

c j a 

o a 

o u 

cj a 

a 

LJ LJ 

1 J LJ 

n in 

x a 


* 

• 

• 


• 

• 

• 

• 

• • 

t 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• * 

• • 

• 

• 

• • 

* 

• 

• 

a: j: 

x a: 

re a: 

• 

at 


i 

l: 


























1 

i 


— » 


4 J 

LJ 

t»o 














i 










! 



i 




! 



r— 


UI X 



























* 






j 

LJ 

LJ 


o 


a 

rM 

a 

•H 

H 


CM 

CM 

Fl ro 

F) 

zr 

a* 

ZT 

in in 

in 

ID 

to 

r- 

F- 

F« 

00 

CO aj 

ui cn 

m 

a 

CJ CJ 

rH 

H 


tn 


j 

X 

X 


t 


Cl Cl 

CM 

a 

ID 

CO C J 

CM 

a- to 

CO 

CJ 

CM 

zr 

ID OD 

o 

(M 

zr 

tD 

CO CJ 

iM 

a vQ 

CO CJ 

eg Ul 

F» Ol 

H Fl 

M 

3 o 

! 



LJ < 

o 

a 

a 

a 

u o 

a 

H 

r-l 

H H 

H 

CM 

CM 

CM 

CM <M 

n 

Fl 

F) 

Fl 


zr 

a 

a a 

a ui 

Ll 

Ul 

Ul ul 

U3 

lO 

to 

m ce 

O CD 



a r 

CJ 

o 

a 

o cj a 

CJ CJ 

CJ 

CJ o 

CJ 

LJ 

CJ 

CJ 

ou 

a 

a 

CJ 

CJ o Cl 

CJ 

a ci 

o a 

o 

a 

a c; 

L3 LI 

CJ 

o 

a 

O o 

LJ 

IJ 

< X 


• 

• 

• 


• 

• 

• 

• 

• • 

• 

• 

• 

• 

« • 

• 

• 

• 

• 

• 

• 

• 

• • 

• « 

• 

• 

• • 

* 

• 

• 

< X 

CJ O 

_J 

F- 

i 




1 









! 


j 









! 

! 

i 

i 



| 




ce cj 

FJ >- 

ce 

a: 


o 



! 




















i 




| 






Ol tD 

f 

10 tO 

a 
























1 

; 








m 

h cn 

Ul 

Fl 

to 


CJ CO 

a 

in a 

Fl 

ZT 

tn 

zr c- 

a* 

o 

H 

tn 

f> cn 

H 

ID 

co 

F> 

r— 

OD 

o 

ID id 

ID fM 

m 

03 

C0 co 

H 

cn 

F- 


DO 

CM FJ 

o 

a 

Fi CM 


ID 

co 

r- 

10^ 

IM 

CO 

Fl 

r- a 

F 

zr 

CM 

to 

r* f 

to 

a 

CO 

cn 

in r~ 

to 

01 co 

CM rj 

Fl 

Ol 

F vxi 

a 

F- 

in 

Fl 

a 

F> Fi 

a 

a 

H Ul 

in 

CJ 

a 


an c m 

id tn 

F7 

to C i 

Fl 

ID 

cn 

rM 

F in 

ID F 

F- 

F» 

F 

ID 

tn 

m »h 

cn to 

CM f» 

fM tO 

tn o 

CJ 


• 

• • 

» 

• 

• 

* 

>• 

a 

• 

a 

• 

a a 

* 

rH 

• 

rM 

• 

H 

« 

CJ 

• 

cm ro 

« • 

in 

• 

Fl 

» 

Fl 

• 

a* 

• 

a* a- 

• 4 

a 

• 

a 

« 

a 

* 

ZT 

• 

'a 

• 

a 

• 

zr 

» 

a a 

* • 

Fl Fl 

* • 

Fl 

• 

CM 

• 

CM H 

* * 

o 

« 

O 

• 

o 

4 

CO 

M 

H 




31 














i 




| 





i 

] 

J 







II 

II 

«r n 

ii 

ii 

" 

ti 


10 

in 

a- 

F 

ZT 

in r- 

1 

*H 

ID Fl 

rM 

H 

cn 

Fl 

ID j- 

rM 

rM 

<n 

CM 

CM CO 

ID 

CD Cl 

on id 

a 

F- 

CM Ol 

in 

CM 

Kl 



i 




• 


m 

Fl 

r- 

&■» a 

t J Cl 

CO 

in cm 

CD 

Fl 

to 

F- 

a- co 

cn 

tD 

tn 

U 


a 

a 

10 Ol 

io a 

Ol 

CM 

a a 

Fl fM 

ai 

r-. 




r^ 

» CD 

a. 

a 

CJ 

CM 

ti cr. 

CM ZT 

F- 

a 

in 

CO 

o 

CM 

zr in 

L> 

r- 

r- 

cu 

F- 

F* 

to 

a fj 

O ct‘ 

a 

rM 

F- CM 

to CJ 

CJ 

LI 

n 

l/l Ll 

in 

Ul 

Z LJ 

>* 

a 

a 

a 

a cj 

H -H 

H 

<M CM 

CM 

IM 

Fl 

M 

Fl Fl. F) 

M 

F> 

Fl 

F» 

Fl 

FJ 

fi r n 

ro cm 

CM 

tM 

rH rH 

a 

a 

o 

LJ 

j 

!J IJ 

LJ 

LJ 

M CJ 


• 

« 



9 

• 

« 

• 

* • 


• 

• 

• 

* * 


• 

1 • 

• 

• 

• 

• 

« * 

• • 


• 

• • 

* 

• 

« 

X 

X 

X X 

X 

X 




l 

i 






1 

i 









1 






, 





i 

1 

o 

CJ 

u o 

o 

a 

• a 











| • 







| 





j 

| 



j 



! 


.TI 

2 2 


a at 























I 







i 

' M 

-1 

» H eH 

H 

H 

Ul 

o 


a 

a 

fM 

F| 

m 

to oo 

a 

rM F1‘ m 

ID 

to 

a 

h fi a- 

ID' CO 

m 

rM Fl 

zr 

ID oo 

<n H CM 

a 

ID F- 

ai 

in 




•— — 

w 


•M 

X 


a 

»n 

a 

tj a 

o a 

rH 

H rJ 

r-l 

rM 

*M 

CM 

im cm’ rg 

rM 

CM 

fM 

Fl 

Fl 

F» 

fi n 

Fl a 

a 

a 

a a 

a 

FJ 



! 




<T 

o 

o 

a 

CO 

to ZT 

cm a 

co 

to ZT 

CM 

O 

CO 

ID 

zr f\ 

o 

oo 

ID 

a 

CM 

a 

OO 

to a 

cm a 

CO 10 

a cm 

a co 

to 

in 


\ 



< 

i 

CM 

a 

a 

O H<^ 

Fl 

ZT 

a- 

Ul a 

r- 

co 

CO 

<n 

O rM 

rj 

CM 

Fl 

a 

Ul 

ID 

10 

F CD 

<p a a ^ 

PM Fl 

a 

a 

a 

a 

Ci 




1 J < 


• 

• 

• 


• 

• 

• 

• 

• • 

• 

• 

• 

• 

• * 

• 

• 

• 

• 

• 

41 

m 

• • 

* • 

• 

• 

• • 

• 

• 

• 

►H 

cr 

O o 



a 

X. 


i 













rM rH 

H 

rH 

rM 

rM 

rM 

rH 

rH 

rH rH 

rM CM 

2 

2 

z 

z 

IM 

CM 

F, 

a 

o 

o a 

LJ 

LJ 

< X 



i 
















f 




5 








X 

O CJ 

-J 

►— 

i ! <■ 



i 











! 


1 







i 

1 

i 



1 




“ 

L> 

Fl >- 

I 


l* 

X 

o 




:§ 

•H 

■P 

•3 

VI 

, & 

. u 

ai 

• +> 

5 ? 


Li 

to 

Ph 

g 

Vi 


I 

& 

& 

El 

Q> 


H n a 

a Ot rj 

inn to a- Ha h H 
tn fi m co oa a a 
n to m a □ o a ^ 
cm a ou □ a a m 


li i< ii 1 


\A • 

at a 

U «c 

. H at 

««• u — 


170 



Stator Airfoil Coordinates on Manufacturing Surfaces 


LJ 

i X 







! 






| 






1 



1 










| 

l 

! 

d 

dT 

- 

CM 


















l 



1 










O ai 

eg in 


H 






J 












! 



i 










< 3 J- 

dr e- 

c 

O 






l 

























n* 10 

m 0 

c 

O 

H 

eg *h 

«H O 

cn r— 

UJ dT 

r- 

cn 

uJ eg 

<X> 

m 

id 

cn 


CM 


CD co 

in 

-4 in 

ai 


eg cm 

i;juj 

CD eg 

Cs 

eg 0 

O CJ 

c: 

O 

CJ 

0 *h 

rg 

r»i 

m a 

in cn 

K e- 

co <n 

Cl 

0 CJ 0 

H 

+-i 


► 1 0 

0 

o cn 

a> 

CO 

10 

mm 

rg 

CJ 

Cl 

• • 

• • 


• 

0 

(J LJ 

0 0 

a 0 

CJ 

0 

0 

0 

0 0 

l J 




«H 

— 1 

H 

H *H 

»H 

*^**0 

LJ 

u 

0 o 

0 d 

0 0 

<J 

■ 




0 

O 

0 

0 0 

a 0 

O 

000 

O Cj 

0 

CJ 

CJ 

O 

a 

0 

0 

0 c> 

O 

c 

0 

CJ 

u 

D CJ 

OD 

0 0 

0 





• 

a 

• 

• 

• 

* • 

1 

a 

• 


a 

a • 

a 

* 

' 

• 

• 

• 

a 

a • 

• 

• • 

a 

• 

a 

a 

a 

a 

• 

a 

1 

11 11 

it 1 1 

11 

II 






I 












* 



1 










J « 


































m in 

m m 



•h 

•H 

0 

m 

a 

r- m 

O 

0 

«h 

r- 

m co 

eg 

10 

oi 

H 

m m 

m 

eg h 

' co 

D CJ 

in 

cn 

eg 

dr 

in dr 

eg 

r-« 

•H 

CK cc 

ce cc 



CJ 

CJ 0 


cj 

rg m 


ui m 

ui 0 

r— 

r- 

r- 

CO 

00 co 

ai 

CO CO 

r- 

r~ r*. 

U) 

LI 

1,1 

dr 

m eg 

H O 

CJ 

i 1 j i.j 

LJ LJ 



u 

a 

0 

LJ O 

□ 0 

D O 

u 

0 

D 0 

0 

0 

CJ 

O 

D 0 

D 

D O 

D 

d a 

LJ 

u 

O 

LJ 

00 

< j 

O 

D 

1 ♦— ►- 

t— »— 


— 

CJ 

0 0 

Cl O 

CJ CJ 

O O O O 

O CJ 

0 

CJ c 

O 

CJ O 

O 

tJ D 

t 0 

0 0 

O 

0 

C» O 

CJGJ 

0 

CJ 

a 

« 

LI LJ 

U O 

ir 

in 

• 

■ 

• 

a 

• 

• • 

a 

a 


a 

• • 

a 

• 

a 

a 

a 

a 

a 

a * 


• a 

a 

a 

* 

a 

• 

a 

a 

« 

X X 

31 

a 

cc 

1 

1 




i 






j 








| a 

i 








1 

1 

— — 

— — 

H 

( o 






| 






| 









i 









; 



*~ 

, ♦— * 






























1 



Li 

1 LJ 

0 

H 

•H 

eg 

m 

dT lil 

UJ 

r- 

co ® 

OI cj 

«H 

eg m 


in UJ 

r-* 

® cn 

! O 

M«g 

m 

m 

dr 

m 

10 

r— 

co 

03 

Cl 

LA 


X 

1 X 

0 

0 eg 

dr 

0 

CO O 

eg dr 

O CO 

O m 

in 

r- 

Cl tH 

m in 

r- 

cn 

dr 

0 co 

a 

CM 

dr, 0 

co 0 

CM 3 - 

dr 

s 13 Q 


H 


a 

a 

a 

0 

0 

a «h 

«H 

H 



<M eg 

eg 

eg 

eg m 

m 

m 

m 

m - 3 * 

j 

^ cr 

m 

in 

in 

Lfl 

in U) 

O 

ID 

id 

1 M CC 

O CD 


I LJ 

0 

0 0 

CJ 

0 

0 0 

0 

0 

U O 

O CJ 

D 

CJ 

u 

0 

0 

0 

CJ 

D cj 

CJ 

0 a 

CJ 

0 

0 

O 

0 CJ 

O 

O 

CJ 

r> 0 

D 0 

uj 



Ho 

i J < 


l 


1 


I 


1/1 

cc u. 

I I . >- 


i X 


I * 


r 


I ! 


1 


i 


o 

; r-J 


I 


j 1 I I 

i-o r- 

uuauHHHNi'iMfn mm n j 



d’M r- 

H tn to M 

j n k) ro 


i in 
\ tJ 

; x 
a 
; z 
• H 

l 

! 


I ! » 

j #h a- o©^(n©dHirij ® ffi ai r- 

ijnMrONHcoinfHr'Hincoucnin coco into 
, (.) cj (\im ro a n © o h n in oo (/■ h c j m dr sr 
u) u □ u a h h h h f-J cj eg eg rj m m m m m 


i 


ID CD 

co in 


H CM 

oi ai 

M e g 

M M 


oi r- 

in co 


r- m 

eg eg 


* 




i 


: o 

’ IS* 


; 0 ®^J“N<nU)MDdinNO>U)M 
, P HlO^lO^ONMin^aJUN 
i D CJ COCO JNnatMiinHtncOlD 

,a o a h ih n J jLiu>f'<«co^Q 


I 


I 


I H H CM eg 




• 

• 

• 

• 

# 

< 

a 

a 

a 


• 

a • 

• 

a 

a 

• 

• 

a 

a • 

• 

a 

a a 

a 

a 

a 

• 

a a 

•; a 

fl 

< 

X 

t J 















i 






i 



1 





1 

1 

1 

1 


i 

e_> 

is* 















i 









1 








! 


r- 

; 




















1 












lD 

'D 



<n 

m 

C-J 

e- 

01 

cn 

dr 

OI 

O 

eg ri 

04 m 

co 

J- 

cn 

U 3 

m in 

r— rH 

m 

<Jl 

m m 

cn 

UJ 

eg 

H 

ro m 

to 00 

m 


in 

dT 



m 

00 

dT 

r-i 

r- 

eg uj 

co 

a 

a 

01 

r- m 

m 

dT 

co 

cn 

1.0 

cn 

03 J- 

in 

eg 

uj oi 

cn 

OI 

dT 

m 

ui ^ 

«J cn 

LO 

dT 

m 

m 


in 

CJ 

CJ 

dr 

on 

-r-l 

in on 

tH 

in 

CJ 0 

m ui 

CD 

CJ 

H 

CM 

m 

t'j 

m r j 

rH 

0 • e- 

dT 

H 

CO 

dT 

cn s- 

r- o 

D 

♦ 

• 

* 


>• 

0 

# 

a 

• 

O 

• 

O 

9 

T-i 

• 

a 

•H 

• 

eg 

a 

eg 

• 

eg m 

a • 

m m 

a • 

ro 

» 

-T 

• 

dT 

J 

dr 

a 

- 3 - 

a 

dT dT 

a » 

• 

dT 

a 

m m 

a a 

m 

a 

m 

a 

eg 

a 

04 

a 

H H 

♦ • 

CD O 

• a 

D 

• 

cn 

eg 

•H 

i 

i 


• 












1 






1 

i 



1 

j 





•! 

1 


1 1 

II 

II 

in 

i 

in 

r- 

«M 

in 

<71 

in r 4 

a> 

ID 

ID 

O'* 

in r~ 

r- 

r- 

III 

«-» 

a> dr 

cn m in 

dT 

f -4 dT 

#H 

Cj 

0’ cn 

(M in 

dT' CO 

i 

tn 



i 

LJ 


in 

m 

M 


03 

in r -4 

in 

cn 

eg cr 

10 10 

dT 

cn 

rH 

CJ 

in 

CO 

r- dr 

e- 

r- 

dr r- 

e~ 

m 

m 

eg 

‘0 dT 

r-; eg 

tn 


— ■ 

■ — 

X 

’ u. 

CJ 

D 

CM in 

r- 

0 m 

L 1 

r*- 

Cj eg 

dr lO 

CO 

cn 

rH 

CM 

Cm cm 

r i eg 


O 

ci r- 

tn 

m 

CJ 


Kj Oi 

dr 0 

CJ 


ui 

in 

: 0 

i >* 

■ O 

a 

O 0 

0 


H 

rH 

— 1 

cm eg 

eg eg 

CM 

eg 

m 

m 

m 

m 

eo m 

m 

m 

<g eg 

eg 

rg 

eg, H 

rH O 

CJ LD 

CJ 


i.j 

LJ 


1 

« 

a 

a 

• 

: a 

fl 

• 

a 

1 a 

• 

• 

• a 

a 

• 

* 

a 

a 

a 

• a 

a 


•j a 

a 

. a 

• 

a 

a, * 

•: • 

•J 

1 X 

X 

X 

I m ; 

1 

; 1 

1 











i 






1 


j a 







; 1 

l 

1 D 

CJ 

0 

j 

j 

| 












j 






1 



| 





j 

3 


z 

X 

z 











j 





















f r < 

1 

» 1 

i 


: 0 

*H 

dr cn 

m 

OO CM 

ID 

•H 

in 0 

dT CO 

m 

r*- 

eg 

ID 

a m 

m dr 

CO 

! eg 

r*~ rH 

10 

a 

dT 

OI 

m co 

egr- 

ID 

w 

w 

— 

! 


0 

in 

eg 

dT 

e- 

Cl eg 

-T 

r- 

01 eg 

dr U 3 

cn 

•r-i 

dr 10 

cn 

rH 

m uj 

CO 

rH 

m 10 

CO 

rH 

m 

in 

cO CJ 

m »h 

LTJ 



t 


CJ 

0 

O 

OO ID 

dr 

CM ^ 

Cl 

r- 

in 

dr 

eg 0 

01 

f- 

in 

m 

f-i 

O 

co tn 

dT 

m 

rH Ol 

e- 

ID 

dT 

eg 

0 ci 

r-m 

ir» 

tn 


1 

1 

1 ^ 

0 

0 

0 

— 1 

. eg 

m lt 

dT 

in 

uj r* 

U 3 01 

01 

o 

r-l 

eg 

m 

dT 

dT Ul 

0 

r- 

co 01 

01 

O 

*g 

rg 

m m 

■ 3 , ;li 1 

in 


:”J 

j 


\ 

« 

a 

• 

• 

, a 

• 

a 

a 

1 • 

•1 

• 

a • 

a 

a 

a 

• 

a 

a 

• a 

• 

a 

• a 

a 

a 

• 

a 

a • 

a • 

a 

rH 

CL 

0 



! * 













r -4 

H 


r -4 


H rH 

rH 

; rl 

*H rH 


eg 

eg 

eg 

cm eg 

CM:rg 

rg 

O 

O 

e_> 


ccX 

< j: 

-I - - • < 

dor Xo 


I I J 
O <_> _ j 
N > 05 o: Xj o 


i ! « 


HNHUOOtajiojNOoouiHifl cJ m imfl to in no ina driOiDU>maic\Jegrg 

Ci Cj *h CM fn M cr in to r- co o c • cj CJ »h hh h h hh aaO'eohWtnWNOU 

oouaauounuuouHHHH r-t .h h h hh h h cj u u u d u u a □ 

DO UUOaOOOQQ DODO DO DO O CJ OO C) O DO DO OO CJ O O 


i 


H H io n HrOinHOJouDHoU j iO co cn ai co to rj cO h J r ^ 1 on ro n dr ,h »h 
a n o h N N n j m io u t- mo m a cn co ©row© roNMainyro^HnCJ 

a u a o o o o u □ iJ u o o o o o o. o o o o oaoa o u o o o o o o o 

a a □□ d u n u □ □ □ oooo ou oo oo cjo do o o cj o cj cj □ o □ 




! o h h m N m u t in ^ r«. ooo (n a *-< r-i eg ri -s’ dr m u> e- e» <n © u, o Hn mm ^ 

. o u n i io <n a nj ui <» un j s cn w n© r- cn — i m m e- ro h j- u) © a eg cr .t 

'□OauaUHrir^HNNNN rg m nn roen dr dr a- dr d in ui in o id to co 

UoOuUaUgaaoi-jQOo cj o Do oooo tJu ooOoOo oocj 


I 


h <g oi co m cn 
H 00 ot H 3 - IO 
O U 1 O m ©OO 
fn M N H O CJ d 


I 

I w-i 


i ! I 

dT M fH fg r- CD 

m ci a in n n ui 

eg w mo m o o 

(N H rH <H LJ o d 


it * i 

i I 

i 

•h co in eg air- dr. .h ai m mo e-^r ,h ai co ai m 

a m e- oi o cm a o r-cr» g © 3 - io co ai h ot m 

j*m aco I s - ut ro h cn e- io d* no «ifl in n n 

mm 3 'in'Of-r-a 3 cnQ»HfgtMm j m iri 


j cm eg. cm eg cm eg 


li HI it 


-» • CJ 

H 7 . LJ 

ui c 4 n 
XI X j- 
d o Jo 
iq z: o «; 
► 1 o i o 
— -I 
o 
«*! 1 

» *Jj <x 

oria: 

uj <t x 


o 

■H 

P 

•rl 

c 

•H 

<H 

« 

L. 

0 

P 


In 

to 

CM 

L« 

o 

n 

I — I 

<L> 

§ 

bo 

•H 

Cm 

0 ) 

a) 

GQ 





eg 

m 

m 





m 

tH 

CM 


UJ m 

*H CO 

rH 

rH 

•H 

01 

u 3 

dr 

dT r- 

O 

0 

D 

dr 

eg U 3 

m a 

O 

0 

O 

ID 

eg u 

• • 

D D 

• a 

O 

• 

0 

* 

LJ 

a 

dr 

a 

ll 

II 

II II 

II 

.. 

II 

II 






UI 

a 

in 

in 

in in 



CC 

O 

QC CC 

cc cc 



LJ 

<t 

LJ LJ 

LJ LJ 



*— 

CC 

►— 

»— 

* — ►— 

— 


LJ 


l J tJ 

LJ l.J 

in 

LI 

X 

O 


X 

X x 

OC 

CC 

• 

CC 



w w 

LJ 

LI 

CJ 

0 



j 

►— 


in 

X 

i 


; 

LJ 

LJ 

— 

0 

m 


! 

X 

X 


1 

u 0 

! 

«-» 


LJ 

< 

M CC 

CO CD 



CC 

X 

0 

Cl 

O O 

LJ 

LJ 

<t 

X 

< 

X 

0 CJ 

— J 


1 

< 

CL O 

i 

eg >- 

i 

CC 

OC 

X 

0 

1 


! 

m 01 

CM 

1 m 

CM 



m 

dT r- 

m 

• djr 




m 

dr a 

o' a 

oi 

dT 

a 

m 

m m 

0 

a 

•H 

ID 

• 

a 

a a 

• 

• 

a 

• 

cn 

CM 

rH 




i ID 



| 




rg 

11 

It 

III II 

ii 

n 

II 

n 



| 




«■“» 







a 


A 



a^ 

a 

CD 

in 

in 

in in 

m 

tn 

Z 

LJ 

D 

t.J 

LJ LJ 

.U }l J 


£_3 

X 

X 

X X 

x: x 

j 

_ 

0 

0 

0 0 

c> 0 

a 

D 

X 

z 

X X 


it 

CJ 

CC 

r 1 

rl 

t 4 r-l 

*H 

n tn 

O 

w 




M 


X 



i 




CJ 

in 


i 




1 

D 

Ci 




IJ 

*c 

n 

X 

CD CD 



or 

X 

0 

0 

CJ 0 

U 

LJ 

< 

X 

< 

X 

» j CJ 

-J 

*“ 

1 

«t 

cc 

1 

CJ 

eg >- 

1 

1 

CC 

CC 

X 

0 


171 



Stator Airfoil Coordinates on Manufacturing Surfaces 



: s o a* 

ur & -T 

|sl M O N H H H <n 

to ir> to io to c J o us 
10 l: , ro to o rj co w 
nu u a u u u n 

»• •••»••• 


tl II II II lit II II II 


- — — LJ — 

j t/i to a: o 
: cc cc • a: 
. U U O o 
* 7 , ►- yi X 

Lf I.J w O 

3 C 3 C < I 

Li 

> I ir r 

i to u < s: 

> _j »- i < 
• cd; a: x ; o 


to cn’ r- oo! 

O cf eg in «n c>i 

I f- fo i o o O <m **> 
m m Nq 


1 1 1 1 1 111 II II M II II 


I U. U HU 


t/1 I <1 

3 Q ! U * 

hq: o o I cc: 

cjj o o uj ! u < 1: 
< x o o _j >— * :« 
OC o IM >- QCj oc Xj< 

i 


in n hi 
n 

I IO «H HHH HO 

m n a □ (3 f0 

i id m a u a a in 

i o o a o a a to 


ii it ii 1 it ir ii ii it 


to to in 
cc oc oc 

LJ |.J u 

LI LI Li 

3 : x x 


in 

3 q 
h 

o to o 

< x O 

u: o n 


; in • 

t* a: a 

cc ; ui < 

lj ; ♦- a: 

lj in to x o 

2: a: cc • oc 

« UiU C 3 O 

*- ►- in x 

LJ lj — * o 

Ju < I 

—> lj < 

o • oc X 

U LJ < s: 

-J •- 1 -t 

>- m a x o 


rj fo r- ^ cd 
to a* o »ri to <s4 

J ® O O r| 

m m <m a ° (M tn 


,i» 11 11 II; 11 


1 in to to 1 
1 lj LJ iJ t 
x x X : 

O O O < 
^ ^ z ; 

I 1 14 ♦ - 1 1 


OO 
U U Lil 

: o u J ♦ 
1 w >- act 

i I 


172 



Stator Airfoil Coordinates on Manufacturing Surfaces 


Ul 

a: 


: x 

\x 


i I 


in 

OH \ CL 

U * V 


Ul 
U 
iX 
o 
• z 


(Ni N H cn N U1 rvi 
DO HH 
u O O O o U I J 
CJ CJ OC1 CJCJO 


oim huj 

^ u ii » 

uu o UJ 
o o Q C 


<m a> 
r- h~ 
o u 
a o 


LJ **■ lO cfJ 

c> o* oi o> 
O U o t-> 
aotio 


cn 01 
oo m 
O CJ 
CJ Ci 


tfl N ini N to M 
cn cl* c?' c * r~ h- 
cj u u u a u 
Cl CJ CJ o uo 


i 


CL 

>- 


CN «H 

DQOUHHrj 
O CJ O UJ U CJ V J 
CJ O CJ O CJ CJ Cj 


rnT"vjTn 

r\ j 01 j co cn id 01 hi to aj *n csf 3 3 ui 3 m cn 


a> cn 3* 10 r* to cn ro 
c:» to »«*>. j m fj h c 
a uu.ouou u 
cj a O: cj cj Cj cj cj 


co cn va cn 
n ro 
o CJ t J o 
UQ UO 


CJ a 
CJ CJ 


i * I 


I- 


M Ul 10 


CJ CJ <N 3 tO <00 

□ q aoo jh 

CJ o CJ CJ o CJ o 


Ul ul U> 
CJ CJ Cl U 
CJ CJ CJ o 


ui m 

u o 

Cl CJ 


3- tO N □ CO 3 
ui ui n t-i 3 - 3 
Cl t J o CJ cj 'J 
O O CJ CJ CJ CJ 


^ oo <n o 

fNi 3 - Cl 01 
H H H H 
Cl O CJ o 


*N hi 
H hi 
fN CN 

cj a 


:i 


! i ! I 

h r- n! r** h ^ ui ^4 
j nM csi rj ci ci 
O o o o o o O o 

CJ CJ 0:0 O CJ CJ o 


I 


3 m 
in r*. ci r-i 

(SI CN CN m 

CJ c> CJ CJ 


<71 Q H ('j to' j in r— CO cn a ! r-t <\j 3 Ul’ 3 U 3 : 

Mo CJ) o fj J to CO o NUl <n H M Ul Ul 

M fl fO J J J 3 3 UlUlCl.UlUlUJtOiOUJ 

CJ cj Cl o Do CJ c 1 o OO O o Cl o u CJ 



1 

10 

(N 

Ol 

1 

m 

M 

M U 

O 

cn 

1 

T“^ h 

to rA 

O 

O 

1 

Ol 

h- 

Ul fN 

Ol 

Ul 

i 

O 

3* 

in ro 


to 

cn 

H 

Ul 

r- 

r- ui 

(N 

UJ 

O »-4 

*+ a 

to 

Ul 

CO 

U1 

cn q 

f» 

(N 

3* 

CN 

r- cn 

Cl 

o 

CJ 


r- 

o 

M U> 

Ol 

•N 

cr o 

CO (J 

H 

(N 

h» 

•3- 

3- Ul 

3” 

3- 

hi 

CN 

CJ 00 

>“ 

CJ 

C_) 

U CJ 


rH rH 

tH CJ 

C J CN 

CN M 

M 

hi 

hi 

hi 

M hi 

M 

hi 

M 

to 

M rsl 


r-i 3 cn 3 m <n 


H cn 3- t] in *h o 

fN r -4 -H o O CJ 


i 


!u 

rsi 


cn to in 

10 3 Ul 
C> CJ -4 
O o CJ 

I • * 

it • I 


! o IN M 
O 10 M 
n q co 
O CJ o 


I I 

HOI 
lO 13 IHN 

hi ir. h- oi 

LJ o oo 


CD 01 (N Ul 

to cn ro ul 

10 J- hi T-I 

H N n 3 


Oicor-rh- CO CJ h- Ul 

<n in cj 3 hu u oi 

Cj in 3 li ld <r c . ci 

H •N *— I- *"< H H H ^ 



M CO cl 

cn m u 3 oi n id <n n 

<n a) io 3 ki h ai oo 

3 u\ to, h- cn oi CJ CJ 



r -4 »H' r -4 r -4 r -4 «N r-t r- 4 ;r-t rJ (N fN j (N fN CN fN (N CNl 


NNHacfl to 3 HOO^QUJHUIOINjUIlOUI jCN Ol Ul Q 3 h U H U Ol 10MOJ 

□ n h r j cj hi 3 in uuo n s (o a»co n oicn cn 0 ) old oi o o h uuo n 3 m ho U 

o u cj cj o a o a cj o a a a a cj cj u cj o cj a lj cj cj o cj qu □ uu cj cj a 

d o o c n 00 oooDoouooouuo 000000 aaocja 00a 


I 


\ 


I 


i 


! 


r 


‘ N H in a 10 H to HUJO^<ONincOUHNfONNO(OinN«)MOONinNtoHH 
□ ao HH (N <J Ki M 3 3 3 Ul Ul Ul to 10 10 to W 13 0 ) Ul in Ul 3 3 M M CN »-4 Cl O O 

; U Q U D U uu CJ O (J u U CJ CJ U U 0.0 CJ CJ O U CJ Q O UJ r J O O Qcj OO U 

.OOOOO 00 CJ OOO CJ 0000 0000 CjOIJOOO DO u uo 000 


I 


I 


i i 

; U H h ^ M ^ 10 h- cn 


0 


I 


! 


□ L) rj 3 id ao o (4 3 U on h n Li h cn h m ld cn o in 3 uj ‘0 o rj 3 n d h n in iq 


! 

i 

td 

L 

1 

<d 

i 


ul to 

•n 

-J to 

CO Ul 

*- 

*N 

rN 01 

rj Ul 

n »n 

o O 

a h* 

0! tO 

hi 0 

a cj 

«a 

CN U 

u u 

u.o 

O M 

• • 

• • 


• 

• • 

1 

II II 

n ii 

II 

11 

1 

llj II 






_ -T 

^ — • 



* 

Ul Ul 

UlUl 




or or 

nr nr 



UJ < 

CJ UJ 

l.-J uj 



»— It 

t— i— 

h- *“ 



Ul — 

UJ 13 

Ul I-J 

to Ul 

X Q 

X X 

x x 

ores: 

• or 

•>* 

«— 

Ul Ui 

Cl O 



1— 


uo X 

' 


Ui Ul 

' o 

Ul 


X 

X 

1 

Z3 CJ 



— • 

Ul < 

n cc 

o o 



nr 3C 

O Cl 

o o 

Ul 

UJ 

^ >: 

<t X 

O o 

-J 


r< 

a o 

INI h- 



X CO 


I 


(J Ci Ul M M 
m r- i0 io Ul 
N H t) a 3 3 
M fN U CJ (N ^ 


ii 1 1 ; it m 


II M: II 


~ — • o 

Ul Ul Cl Ul Z U 
!JU Li uJHU 
X X X|X j — 

0 0 0,0 • a 

z z z: z C9 cr 


I -I t~4 


Ul 

i i 

i 1 

3 

CJ ! 1 

h-i 

Or. O O 

o 

o cj CJ ui 

< 

i CJ O _ J 

or 

o m;>- qp 


-4 UTO 


i 



CO 

ri 

H 




Ul 

Ul 

Ul 

3 ui 

cn 

r-4 

H 

«-i 

H <0 

m ui 

M 10 

o fj 

CJ to 

h~ to 

hi 

CJ 

o o 

CJ rM 

CN O 

• • 

a 

• 

CJ 

• 

o 

« 

o 

’ • 

CJ M 

9 • 

i 

II It 

n 


II 

ii 

t 

II || 






• ’ 

„ — • 





ui • 

Ul to 

Ul 

Ul 



a 

or or 

or 

a 



Ul < 

IJ ui 

Lj 

UJ 



h- or 

h- *“ 

h-' 

►- 


! 

UJ — 

l J UJ 

UJ 

UJ 


i Ul 

n o 

X X 

X 

X 

or or 

• cc 

w w 

*— 


UJ 

Ul 

t * O 




h- 

: ►“ 

Ul X 




IJ^NroUluDhcoOlQ H(S1 3 ind) h Wci'Q —4 M 3 M Ul Ul 


i CJ 

6 

a 

CJ 

cj 

a 

CO *H 

H 

’H 

«— 

r -4 

CN CN 

CN 

CN <N 

M 

to 

M 

ro 

3 3 

3 

3 

3 

Ul 

Ul Ul 

Ul 

ui to 

to to 

to 

M LC 

o 

e> 



cr 

X 

IN 

a 

o 

o 

o 

o 

Oo 

a 

O 

u 

o 

oc 

Ul 

o o 

O 

a 

CJ 

CJ 

□ o u 

Ci CJ 

CJ 

OCJ 

o 

oo 

CJ o 

c; 

o 

o 

o 

UJ 

UJ 

1. 1 

<* 

X 


• 

♦ 

• 

• 

• 

4 

• 

« 

• 


• 

• • 

• 

• « 

• 

• 

• 

• 

* • 

* 

• 

• 

• 

• • 

• 

• * 

• « 

• 

< X 

o 

o 

-1 


i 

< 



























1 

i 


on o 

ISI 

>- 

cc 

cr 

X 

o 














! 













! 

f 

i 

i 




i 

hr 

h- 

CN 

o 

CN 





























i 


• 

CO 

ro 

cn 

10 

to 

3 



3 * 

CJ 

cn 

CO o 

Ul hi 

Ul 

T-t 

CS 

fO 

CO M 

CN 

01 ^A 

r -4 CO 

hi 

Ul 

3 a 

r -4 

r- r~ 

01 

CN 3 


CJ r -4 

3 hi 

cn 


r- 

to 

to 

Cl 

CJ 

ro 

Ul 


to 

cn 

CN 

r- 


(N fN 

a 

r- 

<N 

Ul 

r- ®o 

to 

a cn 

a 

3 

to 

3 

<71 ^ 

Ol 

ro 

3 

ri 

Ul 3 . 

01 

cn - 3 - 

O 

to 

a 

Ul 

to 

CN 

a 

a 

CN 

r -4 

• Ul 

o 

CJ 

3 

r* 

r-» 

3 

h- 

a 

<N 

Ul h- 

01 rN 

hi 

ui to 

r- 

h* 

r- 

r~ 

to to 

3 

hi 

r -4 

01 

to hi 

01 

Ul r -4 

to r -4 

a 

• 

• 

• 

• 


• 

• 

• 

>- 

CJ 

a 

a 

o 

r -4 


rH 

CN 

CN 

C^ 

IN 

CN M 

M 

hi hi 

M 

M 

M 

ro 

M hi 

hi 

to to 

CN 

CN CN 

r -4 

r -4 r -4 

CJ O 

ti 

r -4 

CN 

r -4 





CO 


• 

* 

• 

• 

• 

« 

• 

• 

• 

i 

• 

• • 

• 

• • 

* 

• 

• 

• 

• • 

« 

• 

• 

• 

• • 

• 

• • 

h. 1 

j 

i 

•-4 


j 





r -4 



























| 

! 


11 

II 

I 

II 

II 

ii 

n 

II 

ii 


CJ 

hi 

a 

H 

•H 

*- 

CN 

m 

3 

u 

to 

01 M 

01 

3 f- 

r~ 

hi 

ao 

CO 

Ul h 

to 

Ol to 

ao 

r-l h- 

to 

CO CJ 

co in 

ca 



1 

• 





• 


! to 

3 

oo 


hi 

3 3 

hi 

1 r -4 

ca 

3 

Ol 3 * 

to 

r- ui 

rH 

Ul 

to 

Ul 

CN CD 

to 

r- 3 

Ul 

O ao 

3 

to to 

r -4 hi 

ui 



— » 

— * 



• 

o 

U- 

CJ tJ 

»H 

3 

to 

co o 

fN 

1 3 

u 

h- 

Oi CJ 

r -4 

CN hi 

3 

3 

3 

3 

3 hi 

fvj 

»H CJ 

co 

h- 3 

CN 

O * to 

h> a 

CJ 

Ul 

\A 

Ul 

Ul 

Ul. Ul 

z 

UJ 

>- 

o 

CJ 

a 

O 

CJ 

c 

*-* 

«N 

1 r-| 



r -4 CN 

CN 

(N CN. r>J 

CN 

CN 

CN 

fN CN 

fN 

CJ tv| 

r -4 

rN r- 4 . 

j r -4 

oo 

rj a 

CJ 

Ul 

L.J 

:j 

IJ 

' J 

l J 

r -4 

lj 


• 

• 

( • 

• 

• 


• 

4 

1 • 


• 

• 41 

• 

« • 

• 

• 

• 

• 

• • 

• 

• 

* 

• 

• • 

; • 

• • 

• « 

• 

X 

X 

X 

X 

X 

X 


i •• 


1 

1 







i 

















; 

| i 

1 

UJ 

Li 

o 

UJ 

IJ 

UJ 

• CJ 










1 








| 







j 


i 



* 

4rZ 

z 

z 

sc z 

a 

cr 




i 














| 









1 



- f -4 

-4 

. 4 

i -4 H 

Ul o 


a 

CO 

•H 

hi 

Ul 

to 

00 

01 

r -4 

fs 

3 

ui h- 

cn 

a <n 

hi 

Ul 

to 

CO 

01 r -4 

CN 

3 10 

h- 

Ol o 

CN 

M in 

lO h» 

CO 

__ 

— 


— 




X 


u 

Ul 

hi 

to 

Ol 

CN Ul 

r O 

CN 

Ul 

a) 

r -4 3 

h- 

3 

h- 

o 

hi 

(O 

01 hi 

UO 

01 CN 

Ul 

CO CN 

tn 

CO r -4 

3 (N 

h» 



| 





o 

CJ 

CJ 

a 

CO 

to 

3 

M »-4 

Ol 

CO 

to 

3 

KI rH 

01 

ao to 

3 

to 

r -4 

cn 

r- to 

3 

CN r 4 

01 

r- to 

3 

CN r -4 

cn 

h-i 

Ul 


. 




< 

1 

IN 

o o 

a 

— 1 

fN 

Ma* 

3 

Ul 

to r- 

co 0 i 

cn 

a rH 

CN 

hi 

•3 

3 

. in to 

r*» 

ai 

cn 

an 

rj r -4 

CN 

m 3 

3 Ul 

in 

3 

rj 





u 

< 


• 

• 

. • 

r 

• 

« 

• 

• 

1 * 

4 

• 

• • 

• 

• • 

• 

• 

- • 

• 

4 • 

, • 

• 

• 

• 

• *, 

i * 

• • 

• • 

* 

i h -4 

X 

u o 



or 

X 


i 













r -4 r 4 

r -4 

«“4 

: H 

r -4 

r -4 r -4 j 

r -4 

r -4 

r -4 

r -4 

z 

z 

2 

CN CN 

2 

2 

CN Ul 

o 

UJ 

UJ UJ 

LJ «C 

X 




























! 


-t 

3 - 

ti 

o _l 

1 — 

1 1 «* 













i 

| 













. i 
l 

i 


a 

U 

IN 

i 

i 


cr 

X 

CD 


-p 

a 

•H 

& 

u 

Q) 

•p 

< 1 ) 


u 

<fl 

Pm 

a 

§ 

a> 

i 

•H 

Pm 

QJ 

o 

CO 


H— — x 

!0 

<c I 

or a: 

UJ <| 3 C 
•- I ;< 


L J UJ — O 

X a; < , 

W. W O < 


173 



Stator Airfoil Coordinates on Manufacturing Surfaces 


CC j CL 

IJ 1 >- 


I I 1 i I ! ' : | I ! 

HcrlrvinHcOK>a1j(i){Mina)Lj^(\jH h at ^ ^ a u> rj m «j -« rj to ro *o 

rt H N m j ^ at u ' w w n o> oj m m co n~ n- u» uj m cr ro <\j h o 

lj a a u o ld ld a a u io u o u o u □ cj lj u lj a u> u o u u a u o l» 

a a d cj cj a o u p o o o u d a a a aooo o o oo au o cj oo 


! J 

t\j h n cd i 

a ci o a . 

o u u a i 

o a o ci < 

' I j 

o <M *-* Csf - 


rgHncdro^Ha-ro'-ij-tOajarsj^J & & cr to U com cm trj o uiu in rsi 

ocuiaHHtjNNnron^^^^jjd 1 j j ^ j n m ro rM ro cm *h >-< c j cd o 

□ o cj lj cj u u u u a u Q LJ a o u u o ij u u u u a o a u □ a a u ua cJ 

o a id o cd a o o o id cd cj a o o cj cd a a cjotin a cd anno oo oo a 


'Q(\J^( N i' J 'ui l ^r* c<) dH(NjtOj>U)siu)(n t j H n ^ ut ta o a H rg ^ in in h 

iouN^mciuJNtf^oHninr-cnHtOioajorgjujcD unmN mn nm ui 
□ autJOUHHHHH^NNNN^ntonJcrJ o- j in m m m in uj io uj uj 

lOaaatJaooodooOaf'Jootio u o u p ao aa cju cio cjq ci 


<ritfnotr | oit , 'inroNNNin 3 -CTu>io^intntfNM<riN 
Ol ID ta L T N f*. □HUr-.Nm^tOcO □ CJ t- rJ N H ^ a> 

p J r~ O mo oo HfUnUHOO'DHHNN H n a Ot Mn 

CD CD CD *H rM »H -H rMCMfMCMfMfMrorOfOtOrO M M n m (MM 


LO CM am r-t 

at (j) o q r- h «™*a ^ 
ro —* oiio <Mcn u> »-j o 
nn hh na oa u 


cn m o ^ 
or n n at 

U Htl J 
0 0 0.3 

* • 1 • 


iKOtoa'mMnuiH NtOh m o cr> rsj 

I LO COHHHQCOjtn.NfOfO H H) N (O I 
ma n to 3 - m in ic iof- r- n- mc m m 
I CD H H H H H H H H' r M H » ~i H H H H 


! i ! ! I 

in N H ^lO □ J isf 
mtsir-a H □ dj j' LO 
N H 0> CO UJ 3T HCJ o 
HH C)Q o a O 13 o 


a j m' ^ ( 

p to p o 

o CD LO m I 

OOhNi 


iioairiatMcoNiaHinotff to m n h i 
'UJNU 3 ‘r > 'H 3 -COHJ - 00 H m CO N 1 
iO<na>mfowooou 5 inm*-«ocommi 
• in tn a» ©a* a a h n mmatf 1 


3 * at to r- mu) o fM in 
N m at n tflcn rip lo 
qco com lOrtaai co 
a o <m to j- in m m 


•O «H H n H H ^ r-( CM CJ CM CM CM CM CM CM CM 


in h* in oh h hn 
t^mmcrOMo^ 
h p n cifj n a ^ 
m i j o o o o o cm 


II il i|: n 

i n ~ 


j ►- a 
• -*•> . — ij ~* 


- U UJ o o 

►-* »- ml 
o;lj «■* o 
3d * C » 

—j — u < 

> ! tx z: 

> UJ o <r 
i o *- i < 

- oc or x o 


co O O' aV 
u) cn rsi « a io 

tnj H Ot CJ n U) to 
|ui m ^ a D m J 



~ -* * o 

in i/i tn in in in zz O 

u I.J m u u i J M o 

x x x x x x ; — 

U (.) o U O o •; CD 

z:! 2 zz Z O'O: 

m>i m. m »-« m; o 

- — X 

iU 

m <\ « 

^ n I ui< 

H cr o O CX! 3C 

O o O O LJ* LJ < E 

«a x o o o;»- i i*t 

k u n > cqac xj e> 


eg c\i h at r- *-* aj cr m -r cn ro jv. 

a U H H C4 to if 3T m litio ION N W' UI «u UJ»U WI UJ oi f- r- U> IU ui ui j n ry n y w 

o o u a u o cj o ld oooo (j o o rj oo auoooacJuooQaooo 

oocjcdu oo oo ooootoooo oo d o n o a a cj oocjooooo 

. .... .. .......... .. ...... v -. .. .. , 

n h to co m c-* cm io cn Ha) (HH j to n' co m cn ^ n io cr cm cn id cm co m oj rj m ^ <m 
OaanHHNNNfl'OfOJ^JfjJ & & TCr^tf^MMMNNHHOaO 

u u u u u o o a o o o a u o o o o u a ooooooouaoooouo 

00 0 0 0 00 X 30 cio a o oocjo oo ooooooooocaooooo 


j t t : ; 

at n r-i co & m - 3 - cn m n-ocm^ tfNaNJtat^OHnj^^KjN 

r| tj fOCT a* m ut UJ ION f- co Ct CO CO 03 OI CO Ol r- N U) to in n J M N H O CJ 

r-,,, ***'* M*t tin aooooacjuooooooo 

oo Q cj n o a a a oocjooooo 


•III ! | ! ! I i | i 

O N H N 3T m N" cO O »-♦ tM rn tfin N' ® trt q H n d"' irt p N gi n H (M Ki ^*0 I.D m f»,i 

CD O CM 3- o «U M J NO HlO inf-<ni«H ro 10 CO o (J J U 00 C) to O N O H M in in 

a u a a o O *-* rH ^ h H MN cm cm cm »o mm m jt ui in uj m in lo uj uj 

o u □ □ o ao oo o cj o cj o o o cj oo o cj o o c j o o cj o o a a a □ □ 


: at in u) N co o ro 
djatn^ in m cm 

P O 3 N □ M CO 
O Q Q □ *-4 *-4 


n- ro N Jt m io 
N- •—< IO ro —< oo 
cori ro in r- oo 
*-A CM CM <M CM CM 


On -tn tfio airg^roooMa- j-H»Nro, 
to cr ^ cn cm rj at d . in » cn M H No<na-u ) 1 
OH NN ro ro NiSJHaejNinMDCOMOi 

ro to ro ro roro fororotONjCMCM N N h h a 


3 m ^ h m ® h mco CM in <Jn m 
io 3 ton h am 03 - cocj*him 
O L) h n in ujco o*h CMcrinua 


to cm 0> cn 
h m » oo 
nn mco 


Oro ®mMiMn 3 , u)®ffiUD®n!HH 

OtlOH 3 UjJHU)OtrtaU) H JU) 
Ot CJi rn CO CO N ID U 1 3 CJ CJ O' N 3 CJ CJ O 


ID G □ O O (JO hH HHH 

11 i i ! 1 

H H H rl H O rH H r-t H «H H 

, « . I * *! * V * 

0 a a 0 

• • • • 

<J cj 

• •: 
1 1 j 

i ! 

a 3 3 W ro N 

! ! 

w in a 3 * co nn h m cn 

I S ! 

cr con lOHirtairoNN uia 

i : I 

3 cn 0 n 

r -4 .-V 


CD u> ro to o on CD & n- a n* h 3 n h acoHinooHinooN^mHinOtMaifl 1 

O □ m u) m n h aco io in ro h n oo id in ton □ oo uun m h D tn p m n h O® oo^ 

O □ a h <m to 3 uim 't>r» a»m qq Hfg ro j m m u n oo a> a cd ^-r cm ro 3 m.m uV 

j I I j j | H H rirl HH H H J h rl HN N NjN CM M MjN N, 


N* CO r-| r-| 

in ro m a cj 
m ro o a □ 
CD CD □ a □. 

• • • 4 • 

i 

it ir h tr it 


in in to 

cc cc o: 

i ij cj u ) i 

1 

! U U 1 LJ tO CO 
X X X C 5 QC 

, w m CJ < 

! hf 

I ui LJ 

>: | 2 : ^ ■ 

ce« o 1 
00 u ijtd 
Xuu JH 
o INI; >- C 5 >CC 


! n 1 in CO u> 
s to ro cm u)' to 
.CD fM O O tD 
ijm n NqU 


Mill il; II it it 1 i II 


to in to 
1 j j ij 
XXX 
000 
z z z 

t-» , H M. 


z> o I 
»-» □: o; 
o o o 

«t j u 

cr o im, 


174 



Stator Airfoil Coordinates on Manufacturing Surfaces 


tn 

CX 

u 

r- 

UJ 

a: 


m 

! cj 


. cj 


l/l 

a 

: uj 


VO 

jUJ 

X 

! o 


i 


» 


rg ro eg «-« oo r- ^ CD to 
u a H N M n J U) UO 

QUOUOUU U U CJ CJ 

CJOwaoDocia cj o 


cnrou)a 3 0 ioao<Jir*i*i(Moj^ctfOiooi nr-t cjn 

n r- n n m cd o m n r- u> io ij'> ^ 3- ri m eg rtU 

u a u u u a u < j a a u o u a u u u u uu o lj 

a a a a ci u a a u u a c> c> cd o o ci cd o o o cd 


N o r* 

r cn 00 CO 

cn in r-A r— Hh «-♦ co 
eg uo ro ct cj CD CTO 
■tio mo do On 

m u u u qa um 


I 


N H M a) N n o ar r- 

o a o cj h rt n rg eg 

q u o o a u a a u 

o o a o o o o o cd 


! ! j 

u n to n oo cl 


CM 

ro ro 

u a □ u u a u 

ci d u ci cj o a 

4 • • * • • 4 

‘ I 1 

ai o ^4 rg & in 


ro tO 

o M 

a a 


* 1 


ON r< rg M iiDior'eo 

qoNjcoocdn^ 

cjoaoac 3 «-i^-H 

oooijuuaoo 


a o o tn to K ui 

^ j j- M nn Ki 

J u o IJ o u u 

o a o o o o □ 


M K) 

u o 

O CD 


* 

CO LO 

r- J eg 

o o 

O O 


^ II tl till i 


-4 I s - 

INI r-4 

CD CJ 
C> CD 


i 


w<n jh 

*-4tJ oa 
t J CJ o CJ 
CJ CJ CD CJ 


J 

d 

CJ 

CJ 


o 

u> en 


cj o 


rg rg 

CD o 


in 

ent 

rg rg 

o CJ 


r* ca ^ q H kv J’ 

H M in oo o N ? 

fo n n m 3 - a- j 

CJ CD O □ U Q U 


! 

in co 
ID CO 
J* ar 
CJ CJ 


r» as 
o eg 
in m 

o o 


mm 
or ex 
u u 

i— *— 

1.1 LJ 

a: dc 


ti in 
<x ex 
I.J Li 
*— 
l.J IJ 

a: x 


cr»! 0 

ar r- 
in in 
CD cj 


j j 

rg to <3* ro 
m *g ro uo 
m lo lo J 
cj cj cj cj 


4 i s: a t: 


to 

ct q 

M (X 
Q O 
< X 

ex o 


i 

it it it 

m • 

a o 

uj < 

-4 — u — 

to to a: r j 

Ci CX • CX 

Uj U Cl CD 

" »- to X 

UJ W O 

< 


^ IJ < 

ex ac 

Ul ** X 
* t 
qa: xo 



h- 

cn 

CD 

» 

in 

ar 

ID 


H 

r- 

cni 

r- 

rg ar 

Jf 

O J 

' L0 

in O 

cn 

? 

H 00 

CD 

ar rg 

eg 

* 

! 

»-4 

ar ar 

CJ 

1 

LO 


r- 

a 

in 

H 

& 

ar 

rg 

r- 

cn 

cn 

r- 

ro (0 

r- 

ID 

eg 

m 

LO 

in 

CD 

■3* ar 

ro 

co H 

«g 

co 

rg 

a* 

co r- 



to 

o 

rt 


CO 


ar 

r- 

cn 

rH 

r^» 

m 

r- ro 

cn 

CJ 

ri 

r-4 

t-H 

f-H 

w 

CD Ol 

CD 

ID UO 

ro 

U 

co 

in 

«v co 

ar t-4 

CJ 

>“ 

CD 

a 

CJ 

u 


*H 

r-l 

rH 

eg 

eg 

rg 

eg rg 

eg 

ro 

ro 

ro 

ro 

ro 

ro 

ro eg 

eg 

eg eg 

rg 

eg 


*g 

CD 

(J o 

o 


i S I I 

00 H' o N' CD t-l cn 

L0 LI M rt Ol UD 01 
O CD HM J U5 N 
CJ CJ O O CD CD O 


• *1 


a HNn'in r- <n 
a r-fOio tn mud 
D a® O O’ w H 
U CD CJ H CJ ro J 



Mfrg H 

I 


eg 

CD 

r- ro 

in 

ro 

ID 

in 

cn 

CO 

eg 

CJ 

1 

r— r 

ar 

r* 

cn a 

ai 

r» 

ro 

co 

rH 

ro 

ar 

LO 

LD 

ar 

ro 

rg eg 

a 

CTl 

m 

ID 

uo 

ro 

iH 

CJ 

CD 


. *g 

-H r-4 

f-t 

a 

o 

CJ 

u 

o 

CD 

CJ 

CJ 


ro f-g 
ao 00 


CD H J I s " 
cn auo j 
cn o h:M 


: ! I « ■ \ 

co a h fo in' r~ co o eg ro uVr- 
cj r- cj ro to ci m tom ini m 

ro h a> co Locr nh cn r^co-ar 
ro ar j ina>, r- rfi ct oi .a h n 


i 

cn o 
ao eg 
rg *h 
ro ar 




aO 

S3 


II U; II I' 


II II! 





• 

• • 

* 

• 

• 

• 

• 

• 

V 

• • • 

• • 

* 

• 

• 

• 

* • 

• 

• 

• 

» 

• 

* 

• 

* 

• 

* 

• 


rg 

X 

O CO 



cx X 

1 1 











•H r-4 

r-4 

H 


rg 

H rl 

H 

tg 

«g 

»g 

eg 

eg 

eg 

eg eg 

cj eg 

eg, o 

r> 

CJ 

CJ 

u 

UJ 

<!3L* 
































X 

o 

o 

-j 

»— 

i ! < 












j 



















(X 

o 

>si 

>- 

ex 

cx 

KC3 












, 























ar 

a 

! 

a 



































co co 

ao 































rg lo 

ro r- 

rH 

H 

rg oo 































i_D tO 

m 

j- 

CT CD 

a ar 































ro u> 

m 

CD 

CD CD 

O ar 

i : rg 

ro ^4 CD fO 

in eg 

ce 

ar 

cn ar 

co eg tn 

r- en 

CJ 

a 

a cn 

r- uo 

eg 

<n 

ar 

oo 

ro 

r- 

a 

rg eg 

to ro 

eg ro i J 

a 

CJ 

CD U 

CT eg 

i ■ O 

n h n (\i 

r> ar 

aJ 

in 

m UJ 

tor-r- 

r- r- 

cn 

CO 

m 

f- 

(*- r- 

r- 

LO 

to 

uo 

LO 

ar 

ar 

ro (st 

rg CD 

CJ • 

• 

a 

• 

a 

« 

• • 

■ tl 

a 

u o a 

u 

a cj 

O CJ 

a cd 

o a cj 

o (J 

CD 

IJ 

CD 

o 

CJ CJ 

ID 

u 

ej 

LJ 

U CJ 

CD 

CD 

CD 

CJ CJ 

CJ 








« >- 

o 

a o cd 

CJ 

OO 

CD CD 

a o 

o o CD 

CJ CJ CD 

a cd o 

CD CD 

CD 

CD CJ 

a 

a o 

CD 

0 

r 

CJ CJ 

CD 






* 

t * 

\ j 


• • 

• 


• 


• 


• 

• * • 

• • 

• 

■ 

• 

• 

• • 

• 

« 

• 

• 

• 

• 

• 

• 

■ 

4 

• 

« 

li 

li 

II 

II 

II II 

li il 






























__ 






Co • 

! ! 





























mm 

t 

m 



CX o 

i ! rg 

r-4 rO aD 

eg 

L0 CD 

ar r- 

a rg 

ar lO «D 

cn ld 


r-4 

rg 

CD 

O co 

r- 

in 

eg 

cn 

LO 

eg 

CO 

ar en 

ar 

r-4 

eg ex ce 

cx 

cx 



LJ 

1 : cd 

CD CD n 

<“4 

»H rj 

CJ eg 


ro 

ro ro ro 

ro ar 

ar 

ar 

ar 

J 

ar M 

ro 

ro ro 

fg 

eg 

eg 

rg 

r-4 

CT 

CD 

CJ 

a 

Ul CJ 

IJ 

LJ 



t- CX 

: cl 

CJ 

c 

G 

0 

CD 

a a 

CD CJ 

c 

CD 

CJ LJ CD 

CD CD 

CJ 

U CD U 

o u 

a 

a 

CD 

LD 

a 

CD 

a 

CJ CD 

a 

CJ 

c 

t-* 


1— 

t— 



Ul — 

>- 

o 

CD 

CJ CJ 

CD 

CJ o 

CD CJ 

CD O 

CJ a CD 

CD Cl 

o 

O 

a 

o 

O CJ 

Cl 

o a 

a 

CD 

a 

CJ 

O CJ 

CD CJ 

CD LI CJ 

l J 

IJ 

to m 

X o 


• 

4 

• • 

• 


• 


• 


• 

• t • 

* ♦ 

• 

• 

• 

• 

• * 

• 

• 

• 

• 

• 

• 

* 

• 

* 

• 

• 

« 


X 

X 

ex cx 

• cx 


1 

1 















! | 







i 




1 

1 

-w 




l.J u 

O O 












i 




' 


i ; 

| 






j 










►- 

r- 

m x 



































UJ CJ 

— CJ 


o 

M h rg 

ro 

uo lD 

r- 

co 

CT 

a 

eg ro & 

UD iO 

f- 

en 

a 

»g 

eg ro 

ar 

in 

r- 

ao 

en 

CD 

H 

eg 

ar 

»n 

ar 

ui in 





X 

< 1 

u 

CJ 

eg ar 

l0 

CO o 

eg ar 

to cn 

r-\ ro m 

r- in 

rg 

ro 

LD 

CO 

cd rg 

ar 

UD CO 

LD 

CD 

Ul 

r- 

Cl 

r-4 

ro Ul 

UO 

CT Q 



— 


i - 4 <c 

5 u 

CJ 

e: 

a a 

LJ 

cj *-« 

ri 

1 f-H 

r» 

H 

eg rg eg 

eg eg 

ro 

ro ro 

ro 

ar ar 

ar 

ar 

ar 

uo 

in 

ul 

uo 

in lo 

ifl 

L0 

L0 

w ex 

CT 

CD 



cx x: 

jfSI 

a 

CD CJ CD O 

C D CD 

Cl CD 

CJ o 

CJ CD o 

CD CD 

CD 

CD 

a 

CD 

CJ CJ 

CD 

CJ CJ 

a o cj 

CD 

CD 

CD 

Cl 

CJ 

CJ 

o 

o 

CJ 

CJ 

Cl 

CJ 



• 

« 

• • 

• 

4 

* 


• 


• 

• « • 

• • 

* 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

m 

< X 

o 

(J 

-1 

►- 

i < 












| 



















CL 

o 

rg 

>- 

cx 

ex 

X o 

I 












i 





















eg 

rg 

eg 


i 

Ml 
































eg 

eg 

to 

r- 

r- 

nO 

; m 

ro 

on O 

co 

a 

CD 

U) rH 

ar 

UO 

ld r- in 

m co 

O 

10 U0 

en 

r- en ; 

eg 

01 

CO 

cn 

eg 

in 

r- 

r~ 

-r 

in 

10 


no 

rH 

03 

CD CD 

H ro 

r- 

CD 

ro «> 

CTl 

en 

lO 

a 

ro 

M ^ 

r-Hn 

eg en 

ar 

ul 

ar 

o 

ar in 

ar 

01 

eg 

eg 

CD 

ar 

tn 

ro 

CO 

en 

CD 

r- 

CD 

uo 

ro 

r-4 

CD 

a 

cg 0 

tl 

o 

r~4 

ar r- 

Ci 

ro id 

01 r-4 

ro in 

ld on cti 

CD CJ 

H 

r-t 

■g 

rH 

C) Cl 

Cl 

lo in 

ro 

r-4 

oo 

in 

eg oo 

ar 

f-g 

CD 

• 

• 

» 

• 

« 

• 

*i * 

>* 

CJ 

(D 

CD o 

-H 

*- 

r-4 

r- 

eg 

rg eg 

rj eg eg 

ro ro. ro 

ro 

ro 

ro 

ro eg 

fg 

eg eg 

eg 

eg 

r-4 

■g 

r-4 u 

cd a 

CT 

ro 

rg 

rg 






• 

• 

• • 

• 

i 

• 

f 

• 

4 

• 

• • • 

• *, 

* 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

a 






































» 

II 

<•! 

; 

! 

II 

II 

n 

uj n 


ID 

CD <n ar 

r- 

CO LO 

eg n- 

on 

en 

oo in o 

eg <n 

eg 

D 

ro 

eg 

10 L0 

O 

Cl *o 

ro 

r- 

Ul 

V 

ar 

ar 

r- 

c- 

ar* 








1 M0 

in 

eg r4 

co 

ar cn 

ro in 

lo 

UJ 

mroo 

in <xj 

r-4 

eg w 

cn 

in o 

ar 

in lo 

Ul 

rg 

oo 

eg 

UO 10 

uD ar 

to 


— 

*— 



-• 

•! CD 


cj hk> cr> r- 
l J O UD cj cj cj 


d cj h ri m j ui in t/i ud ud co in in uf g- m n h c co Mn ro HD u 
oh hh hhh h h. h h h h h hh r< h h h a a d g id u q 


I li 


0 cn ro to cn rg in 

U li) ro to cn m lo 

l O c_d ca lo j ro r-4 

i a o a h n m j- 

• « • •£ • « • 

1 


! 

CO rH 
OD fo 
OD CO 

& in 


I 


i 


CO 00 
cn ar 
lo 


a m lo 
ro to en 
ro h oi 
00 oi oo 


cn eg’ uo 
eg m cn 
co ud ar 

OH N 


co h ^ r- o 

eg lo cn rg uj 

n h ai to to 

ro J- j it>io 


i I i 


IO tool N ui tfl : H J N o r- ro 
OTfgincjicguiaOf^inoouotst 
j ro h cn co io ar ro rg cn r~ co 
r> co m □ h n n -t a- lo q 


H HH H H H H H, H H H H eg N, CNI fNI N Cg tg fsj 


1-0 CO l/l 
J IJ u 
XXX 

n 


I 


r-*c o CD 


lo (. J O 

CJ CD 

kj rg >- 


< 
u 

CE 3Z 

ui uj < ac 

~J *— I < 

rx, cr x o 


o o 
CJ CJ 
CJ LJ 
rg >- 

i 

i 

uo u irl m. in 
m in r-< r- O 
CD cj □ CD LO 

o o rgu> 

1 • • • 

eg 


~ • o 

to to to to ZZ UJ 
!J IJ ’ 1 U M Q 
X X X X i — 
UO Do *11 
^ Oa 


r( tO O 

I o 
<i l 
u! < 


t> to if uj 
u u vg o 
x.x j- 
o o • Q 
zz CO tr 
cn a 
— : x 

<j 

i 


175 



Stator Airfoil Coordinates on Manufacturing Surfaces 


in m m n 'Tt 13 eg r** rg co m »-h ron rg 

n CJ H N ^ a* uun to r- N r- cri ci cr> a) o) on o> o) r- ^ r- to icj tr> n rt rH Ci CJ 

uu □ufjuauuuounu o lj tJ 0 u o u u nu o u o u qu 0 cj L -t 
D O O a u u n [J O U Q U D D U D f) O Ll o CJ O L) ci CJ □ (J U CJ UCj op CJ 


<N 4 *~<. 3 -oi. 3 ’« 3 C\|UJ<r»rM;riOeocnor“fM 
L) CJ O CJ H H N N N M n M n ^ .f ^ -a- 

u u u o u u a u a u o a u p u >-nj 

CJ O CJ CJ CJ CJ CJ CJ O O Cl CJ CJ O O CJ O 


CJ <TI ro ;0 

j- m n m 
rj o a u 
Cl P Cl u 


«) m <M CO 

rj rvi rg w 
cj cj o cj 

LlOpQ 


MO tvj 

w C.J cj cj ri 
QU ou 0 
00 CJ O CJ 


; o n H N n 10 ^ co o *4 cm M in' 10 1 

□ u N J 10 CO O N T U) <t) H n U) N 0 "> H 

QUaUJjaHHHHHNMtMNNro 
O a CJ o OJ Cl CJ o a CJ CJ o CJ CJ CJ CJ CJ 


01 CJ M f.j 
NQM J 

n a- t ^ 
0 D ci o 


to c o cQ 
□ CM zr cO 

in tn uun 
CJ o c J CJ 


01 a ^ 0 
00 h n in ini 
inu) ou m 
op op a 


; & n o in u to to «o co N cn Q io to u 00 o to id o ® <n n m n uj m co f-rsi 

° 0 N H a u) .tn (ri ioOH<Jinoio)NMLf)iOM cn H o ^ ri m m « h h <*> w *-♦ (sj 

□ HincniMincDHjiDOMnaHpgMMnM m n h ci a? ui 4 - h <r» m n o> u> h 

. a a a □ h h h n n n o n ro m n m n n n n n n n N f 4 cm n h ri ho cjcj 


HK.ro 

u J a 


• 10 K) in k) ujfT ai e- eg m cj' eg 0 in w to r* o Hn dm cm u> 

1 u o u n j » no) w oug n mh co d-m h row n <n ro <n m j 

1 s ® p h n m » a w in p 10 W'W in u) » d* kmsi h cn co o in to 

I CJ CJ H W W. W Hh W W W< W H H rH 'A W HH H P O J CJ CJ 


1 o co co u) ro n h cn n o j- ini o <n mv n wo ro o j n nro e- in .y og aro nq m 
o ^ m m °o h j to cn rg <n ro h n o <nn ro ro cj ro o n n j k* cl ro o cn,-4 j □ r-P 
□ Q®u) 3 , nHff)r*tojiMHinMnrfNDtnMnncMO«MnMHO«)U)U> 
;UoOH<' 4 K)^d-rou)f^ao m ori'jH : nirojd'inuNroai(oaHN r ^-T^irt in ( 

* • •• « 

I | I | j I HHjH HH HHH'H HH HN CM. ( g CM fNJ N IM (M 


n « n n h an co n co jto (Min coo hn cm eg h m u to cn tn 0 nq <n n n n n 

o u h n ki tna- in ro o to r-r- md m cq coco cn n s r- 10 10 u) in .g j- n f.j h a o 

a 0000 o pj u u uu a o cj cj 00 00 uou ououuaoaauao; 

doopd ao Qpao na.ao oa cno 000 oaou 000000 00 


eg h 10 ro ro r- w j co pm tn uj ro cn □ n qa oiro s ro mo o m co m hn 

O 0 o cj w hoj rg n n n ro ro n ro ^ j jJMKironfomfvUMNHHciOoo 

cj 0 o cj cj a o_ a p U p 00 0 Q o u 00 cj cj cj u h o u u j o a o a o u 

o ct 0 cj 0 cjcj a o n a an oapo 00 000 o aou oa o cj 0000 


□ N h N to ^ m ^ ro 01 ci w eg **1 zr ‘-rt a> r*» co cj eg ki ^ in qj o> q h m n jf 

oaoitf to <m j a> cn w to m r- o ,g n ro o o n ^ p« o n j p cdh m ro ro 

CJ o cj cj cj cj w h h h h eg eg eg eg rg to ro ro n cr j- rr J^romrorororoiororo 

uacjOo do cj u cj o u u u cj p o o cj cj(jcj u uo □ uoP a p o p u 


ro in 01 
roMN 

CJ H K) 
tj Lj CJ 


CO K)^ 
cj 1 — eg 
UJ CO aj 
o r j o 


ro on N (m aiH cj in to ro r- co ,-4 eg w <n 

r*> m non r»- oxnro uNt- h n m ro ro 

ro ro ro a- j ro nh o ro a) ro «• Ki h o 0 

<HH WWW -H rl H Hn Q J LJ CJ CJ C J CJ 


ro CJ 0 
r- ro 

CJ CD IO 
CJ 0 W 


a 00 
an eg in 
j row 

N »0 J- 


1 i 1 1 i : ; i 

eg eg mn eg eg <gtg egrg ro ro ro ro to w ro; 

eo c-i cr r» o m jro (Nl m « h ^ a co ro 

nw omd g- no 01 r-ro g- n □ tn u> nJ 

to j- m to e- ajU m a w ; tg n ? g ro in! 


i w w.cgegiM eg eg tg rg eg 


i co tn ro 

lj o o 

1 eg co CJ eg eg rg W 
i m eg in cj cj cj a 

ho n Oq Ou ro 

1 cj o a cj o u w 

> * • • ^ • 

■ 1 • 1 

11 11 11 nt 11 11 11 


mm 11 ci ) cc cj 
a a n: k ij <t 

LJ LJ LJ LJ ! »- t' 

►— ►-» r— h* ^ LJ *-"• 

i,ju u uro ro r n 
x x x x n: cs • ct 

— — w wU uo O 
e>U)I 
: LJ- LJ — CJ 

in ! 2 : E < 1 

U CJ — i ~ Id <t 

M OS 0 .0 f cr 3 C 

Oouupu<j: 
<1 u p J f I 
o: o rg msiix x o 


co rn eg! W ri! 
e** cn in a> eo in’ 

K aj CT> (j‘ O w 0 ** 
eg w Q o ro a) 


II M II III II 


> — « o 
1 tn l/l l/l f to Z!LJ 
I LJ*-. J LJ: I J M,tj 
: X X l ; X j — 

> O CJ CJ <J . CJ 

z oicr 

I M U tH fH L 0 ;O 



lO 


; o o osix 

» o Cl lj! lj ex 
. U O j|k » ;<< 
> rg >- er as x ko 


! CT( GO to 

! ci <n <n 

rogrocoHWHN 
m in eg -t a a a ai 

ro ro n o o o ad 

rOOCJOOCJCJW 

i i . 

II M II II M ll 1 1 ll 


ro ro ro 
o; as ns 

t:J LJ LJ 
►-»—»— 
l J l> J LJ 
XXX 


to 

n o 

H (tO 

n o o 

g 1 u 

CUN 


i-ai 

i os x 
t LJ < X 

I ►- li < 

j OS X o 


a ro j ro g cn m gmooroinowNco nn o g n ro 0 n Vo’in eg 01 cn 10 ov 

co h co ro (.] h □ co 01 0 co to ^ in cj ro g n rJ ^n ^ ro ^ Wmt-O ^j-co cp) w r** ; 

o w & 01 eg in <0 o cj tn to 03 ci o w eg rg n eg w w lj ro nui n hoj in n co ^- w o ; 

u o q U h w w eg ig eg ig rg eg ro to ro to ro ro ro ro ro eg rg eg eg eg w w h O o O tJi 


II III III II M II 


^ ^ — • O 

' ro ro ro ro z u 
1 LJ j lj u HQ 
x x x x i - 

O cj CJ 1 cj *0 

2 2 2 2 t l Ct 
I H h H, uroo 


o o I ns x 
u u Liu m; 

0.0 jh 1. 

W: 3 - OSj as Xj o 


176 



Stator Airfoil Coordinates on Manufacturing Surfaces 


! in 
i ui 
i X 
i o 

|m 


HouJ 

N N H 
p- co 3 3 c\i cm rs| 3 
m 3 (M m 1 3 o a m 


CM 

m 

3 in 

in 

3 

CM 

cnu> 

i 

H 

1 r “ 

•*M 3 

r— cn 

1 

•■H 

! 

CM 

•H 

CJ 

r- 

1 

m 


. i 

r- cm 

1 

ID 

1 

rj <m ! 

3 111 

m 

3 

m 

1 

CM 

cn 

m 

O 

CJ 

«H fJ 

ro 

3 

in 

in u> 

p- 

. r- 

a> co 

Cl co 

cn 

Cl 

cn 

a 

cn 

cn 

0 j 

CL* 

r-' n- 

ID 

ld Ll 

3 ro 

CM 


0 

CJ 

• 

O 

1 J 

CO LJ 

0 

a 

a 

CJ u) 

a 

1 CJ 

a a 

a cj 

CJ 

LJ 

a 

CJ 

O 

0 0 a 

CJ CJ 

O 

0 0 

ljXj 

a 

vJ 

a 

ut 

; 

O O 

O O 

a 

CJ 

0 

0 a 

CJ 

l O 

D CJ 

0 0 

CJ 

a 

CJ 

CJ 

0 

L) 

CJ 

O 

(JO 

U 

CJ 0 

CJ 0 0 

0 

a 

Ci 

i 


r " "i 


•i ll II II II 




<N 

-4 3 cn 

in 

cn to 

r-i n 

3 * c- 

cn *-1 

CM 3 * 

3 m 

m in 

3 

m r-4 cn 

r- 3 


CO 3 

cn 

m 

a 

3 r-» 

CM 

in 


a 

c j a 0 


rM CM 

cm ro 

m ro 

m 3 

3 3 

3 3 

3 3 

3 

33m 

m ro 

m 

CM CM 

—4 

*—4 

H 

CJ 0 

LJ 

cc 

a. 

LJ 

U) O LJ 

0 

O O 

U U 

Cl 0 

00 

0 a 

0 0 

a 0 

iJ 

u □ a 

CJU| 

O 

a a 

a 

LJ 

O 

cj a 

L) 

UI 

>- 

UJ 

>- 

O 

• 

O O CJ 

< • • 
I! 

0 

• 

CJ 0 

• • 

i 

0 0 

• • 

OO 

* 

CJ 0 

• • 

0 0 

• • 

0 a 

a 0 

i • 

CJ 

• 

CJ 0 LJ 

• • • 

oa 

• • 

O 

•• 

CJ O 

• • 

0 

• 

CJ 

« 

O 

• 

C_>. CJ 

• • 
j 1 

a 

•• 
1 1 

* 

i 


a 

! 

i 

CM '“I CM 

m 

| 

3 3 

in kD 

cr co 

cn t j 

— 1 CM 

| * 

CM ro 

3 in 

U 3 

r*. co cr> 


H 

cm m 

'3 

t 

in 

CO 

1 

r-ia> 

co' 

! 


a 

O CM 3 

10 

CO 0 

cm 3 

m ao 

a m 

m r— 

0 •— 4 

m in 

r- 

cn «— ♦ r o 

LO CO 

CJ 

CM 3 ; 

i»o 

<n 

a 

CM 3 

3; 

1 

CJ 

a 

0 a 0 

0 

LJ rH 

»-l -M 

-1 *H 

CM cm 

CM CM 

cm m 

m m 

m 

m 3 3 

3 3 

in 

in m 

in 

m 

«JJ 

lJ LO 

lO 


fM 

CJ 

• 

□ a cj Cj 

• • r • 

0 CJ 

• • 

O O 

• • 

U CJ 

• • 

0 CJ 

* ■ 

O 0 

• • 

CJ a 

•, • 

a 0 

• • 

C» 

• 

CJ CJ 0 

• • • 

da 

• • 

u 

#. 

0 0 

* • 

CJ 

. • 

a cj 

• • 

cj 0 

• * 

a: 

• 



<-» 


LO 

10 

LO 

tr 

ex 

ex 

N 

UJ 

I J 

>— 

►— 

*— 

UJ 

ui 

l J 

X 

>: 

X 




0 

; 


ex 

0 

0 

0 

0 

CJ 

X 

0 

0 

0 

CM 

>- 


ii. ll ll il ii! II ll ll 


m • 

ce a 
u 

(Y 

~ l *1 — 
WSO 
fr ■ cc 
LJ o o 
h on I 

u r u 

* < i 

— u c 

CX X 
UJ < s: 
*- i . < 
(X x o 


:i 


iS 


I 

: h u) ^ tf ; t'n h m d to ’-•od in ro j s n m r- t m j- (.q i-i in o n j'h ui ^ cr> lo ,-4 
^ n ^ erj mm ro <j> cm ^ co cm «~4 p- Op- cm j- m ^ < m uo 3 cn <n lo m cji 

Oriincm^Ufoifta'UHMjminaJiDUiina-MHDmUJMUNMa'u-. hu 
■a C) OO H CM CM (NJ fO PI M fO M n ro ro m fO IO H M rO N CM' N N r 4 fl a 0,0 a; 


on co ro 

a j- a 


id 3 cm 
in in r^ , r» 
C.1 HfO in 
U □ U;'J 


w in 
in cm 
r- on 
a a 


J. 


i 


i 


O CM 
rH * 4 


K> 3 
ro. 3- 


ld cm mods co in u>csi<^ir«- r- o «-h co^ .h 

n h n ^ n a) io m nj to n j in ui n. am io <o 

u) U) un-' n n p»* p- p- tn ui in a- m cm cj ci r- ui 

HH H ^ H H HH •— H i-4 » j i-4 ,-« — 4 H; H CJ lJ U 


CO rH 
Cl O 


P-| 

in r- 
o Cli 
o u> 


i 1 i 


1 a 

! O 

;o 

iO 


o cm m* p*> 

CO M J ; U) 
D O) CO 3 - 
a o ^i.cm 


DP si 
in »-i 

CM r-C 
ro 3 


in r^ 
ro m 
o p- 
3 -. in 


11 


O ro 
a 3 a 


! ! ! ! ! ' 1 ' 

.. . en a ro m ao om in ao a m m as a m uvai a 

pm 3 c-tn«-cm co a (\j id r- cn ^ 3 - id 00 a ro 

N □ CO CO m ro HOmilOJNOOIMnMfMO 
1-0 cn D) u h f\j mm j in 10 s <0 to cn q hcj to. 

• _ * m _ ■ _ • . • . • - _ •• . •' 


m m 
m r- 
00 u> 


• ■— *i ■— I fH*H *H H H.H rH «H rH . PM CM; CM CMPM CM 


. if 

j 

on 00 ; 
«h cn' 

.3- 3j 
t-o in 
_ *• 


CM CM' 



i»n r*. h □ 

in 

^ CM <M LJ 

• 

• * • • 

in 

TM r-4 

*-4 

i 

ll 

11 it! 11 11 

i 

to 

in to to in 

« j 

J U IM itj 

X 

X X X x 

CJ 

• J 0 CJ 0 

iT 

^ >1 2 : ^ 

H 

)4 H m r< 

— 


LO 

i 

-J 

*3 j 

r~4 

x a 0 

Cl 

Cl 0 0 u 


I tJ C) J 

ex 

»J fM ; >* CC: 

; 


! 


cO 3 
O ro m 

a ,0 cm 


11 n- 11 


• <3 

1 ^ UI 
I MeJ 

• • a 
: o a: 
1 11 . o 

‘ -.3 

< I 
UI** 
ail 
1 c x 

X ;0 

I 

I 

I 




CM 

ro 

3 

3 

3 

CM U 

r- 

3 

01 3 

tO *-4 

3 

to <0 

cn 

CO 

co 

iD 

3 PM 

«5 

3 

cn 

3 r- 0 

PM 

3 3 

3 ro 

cm ro a 

a 

CJ 

a a 

a -« 



O 

CJ 


r 

ro 

3 

in 

LO IO 

tO P- 

P- cn 

CO 

cn O) 

CO 

CO 

cn 

a) 

CO CT.1 


P- 

u> 

10 in in 

3 

m PM 

r-4 CJ 

a « 

• 

■ 

• 

4 

» 

• • 


in 

a 

a 

a 

a 

a 

O CJ 

CJ 0 

a cj 

UJ LJ 

U 

a 0 

a 

LJ 

a 

a 

O O 

O u> 

□ 

cj 0 0 

a 

0 a 

a U> 

a 








J- 

0 

a a 

CJ 

CJ 

cj a 

a a 

CJ CJ 

D a 

Cl 

Cl Cl a 

0 CJ 

c 

O D 

a 

a 

0 

a 0 0 

0 

0 0 

a 0 

c 










• 

4 

• 

• 

• 

« 

• 

• 

• 

< 

• 

• • 

• 

• * 

• 

• 

• 

• 

• • 

« 

• 

• 

• • • 

• 

• • 

• • 

« 

II 

11 

11 

II 

ii 

II 

11 11 

■ 

























I 


j 




A 





* 






























tn m 

10 

in 



= a 



CM 

H 3 

cn 

3 

cn 

m 

to 

a 

Pi LO 

co cn 

r-4 

cm m 

m 

ro 

m 

PM 

«—4 cn 

r- 

in 

m 

a ui m 

co 

3 cn 

3 *-* 

cs 

ex 

ex 

ex 

ex 



LJ < 

LO 


CJ 

a 

0 

a 

-4 

H CM 

pm m 

m r'l 

ro ro 

3 

3 3 

3 

3 

3 

3 

3 m 

ro 

ro 

m 

m CM CM 

r-4 

«~t a 

a 0 

a 

UJ 

u 

(J 

UJ 



»- cc 

CC 

CL 

U 

a 

LJ 

LJ 

a 

0 a 

*<: 

0 

da au 

a 

O LJ 

0 

LJ 

a 

LJ 

a a 

a 

CJ 

CJ 

lj a a 

(J 

a U 

a cj 

CJ 

r— 

r— 

r- 

1— 



CJ — 

UJ 

>- 

O 

u 

C) 

0 

tj 

a 

a 

0 CJ 

Cl 0 

O 0 

Cj 

cj cj a 

CJ 

0 

a 

a a 

0 

0 

o 

o an 

O 

0 a 

Cl CJ 

a 

UJ 

LJ 

Ui 

u 

in in 

s: a 

»- 


• 

t 

• 

• 

• 

4 

• 

• 

• 


• 

• • 

• 

• * 

• 

• 

• 

• 

• • 

• 

• 

• 

• • • 

• 

• • 

• • 

• 

X 

Z 

X 

X 

cX ex 

• ex 

14 


1 

• 1 










i 













: 1 

1 

w 

W 

» 


UI UJ 

„o 

X 
























i 



| 







r- 

in x 
































l 


LJ LJ 

w CJ 



a 

CM 


CM 

m 

3 

m 

LO 

r- 

oj oi 

CJ •“« 

PM 

M 3 

in 

LO 

p- 

CO 

a a 


PM 

m 

3 tn lfl 

r- 

CD 0^ 

a cn 

H 

to 




27 

X 

< l 



LJ 

CJ CM 

3 

LO 

Ol 

0 

PM 

3 

10 CO 

1—4 m 

in 

r- cn 

-4 

m 

in 

r- 

01 r 4 

3 

to 

CO 

a cm 3 

10 

co CJ 

m 3 

*n 

a 

n 



«« 

W 

iJ <t 


O 

0 

C 

O 

a 

LJ 

CJ 

r-4 

r- 

*-4 

H 

*— 1 

CM CM 

CM 

PM pm 

m 

ro 

m 

m 

ro 3 

3 

3 

3 

m cn m 

in 

ui id 

ID LO 

ID 

M CX 

CO 

0 



ex 3C 


CM 

CJ 

O 

CJ 

0 

a 

a 

O 

a 

CJ 

a 

O 

CJ CJ 

CJ 

CJ CJ 

a 

0 

a 

0 

a a 

a 

O 

O 

0 Do 

CJ 

CJ Ll 

a a 

a 

a 

0 

0 

0 

UI 

UJ 

<Z 



• 

• 

• 

• 

• 

■ 

• 

« 

• 

4 

• 

• • 

« 

• * 

• 

• 

• 

• 

• * 

• 

• 

• 

• • • 

• 

• • 

• • 

• 

M 

X 

0 

CJ 

— 1 

r— 

1 < 

























1 


! 




0 

I'M 

1 

> 

Ojcc 

X 0 

i 

f 

























; 


| 

i 




1 

1 

PM 

CO 

in 3 

[ 

rn 































r-4 

m 

CM 

co 

co 

3 

i 


; CO 

O 

CM 

in 

CM 

m tn 

CN 

0 

cn 

ao 

cn ro 

O 

r-4 LO: PM 

m 

co 

in 

10 a 

N 

in 

to 

n «»a 

0 

in cn 

3 CO 

ID 


kD 

co 

a 

a 

a 

CM id 



CO 

ro 

ro 

3 

CM 

LO 

r- 

in 

CJ 

H 

a 

ID 0 

rH 

en rr 

p- 

p- 

3 

cn 

*H r-4 

r- 

r-4 

PM 

C J Ll cO 

r» 

CM ^ 

m (m 

co 

a 

Jl 

CM 

PM 

CJ 

0 

*** CM 


i tO 

O 


in 

cn 

ro 

to 

<n 

CM 

in 

r- 01 

a cm 

ro 

ro 3 

3 

3 

3 

ro 

ro cm 

a 

cn p- 

in cm ci 

to 

m cn 

in 1-4 

CJ 

• 

• 

• 

• 

• 

• 

» • 

i >- 

O 

0 0 a 

r-4 

iH 

r4 

PM 

CM 

CM C M 

ro m 

ro 

m ro 

m 

m 

m 

ro 

ro ro 

ro 

CM 

CM 

CM PM r-4 

r-4 

r-4 U 

a a 

0 

in 

TM 





! r-l 



! • 

* 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• * 

• 

• • 

• 

• 

• 

• 

• • 

• 

• 

• 

• • • 

• 

* • 

■ • 

« 

rH 


j 




i *-* 


















i 

i 






| 

| 

1 

» 


II 

II 

II 

it 

11 

n 

iij 11 

ui 


U) 

in 

CO 

cn 

3 

ro 

to 

m 

in m in 

PM 3 

PM 

in ro lo 

in a 

O 

in r- 

; 3 

in 

3 

LD 3 r- 

in 

Qt CD 

r- 3 

in 







• 

UI 


r- 

in 

3 

in 

m 

m 

ai 

3 

r- 

cn cn 

co in 

r-4 

in co cn 

in 

CO 

in 

a 3 

r— 

CD 

CO 

u) m uo 

PM 

3 in 

3 in 

p- 


— 





• 0 

X 

Cl 

O 

0 


ro 

to 

r- 

CD 

a 

^4 

CM m 

3 in 

ID 

ID to 

LO 

to 

UJ 

LO 

ui in 

3 

ro cm 

1—4 0 CD 

r- 

in m 

r-4 O 

0 

in 

n 

in 

Ul 

in in 

Z UJ 

LJ 

>- 

u 

0 

a 

a 

a 

CJ 

LJ 

r-4 

r-4 



’H rM 

r-4 

r-4 H 

-M 

*H 

H 

r—4 

r-4 r-4 

r-4 

1-4 

r-4 

H HJ 

a 

O r j 

CJ O 

0 

• J 

. J 

4J 

IJ 

IJ 

LJ 

rn a 



• 

• 

• 

• 

• 

• 

• 

1 

• 


• 

• • 

• 

• • 

• 

• 

• 

• 

• *: 

» 

• 

* 

•; • • 

• 

• * 

« • 

« 

X 

X 

X 

X 

X 

X 

, — 

M 


1 

l 






















1 


! 1 

1 ; 

O 

-J 

O 

LJ 

LJ 

LJ 

m a 

























[ j 

! 

* 




2 : 


zz 

z 


z 

0 ex 






























n 

4 

» 4 

1-4 

r-4 

n 

cn a 



0 

CO 

ID 

CM 

co 

in 

r-4 

r- 

m 

01 m 

r-4 OO 

3 

a 10 

CM 

CO 

3 

r-4 

r- ro 

cn 

in 

r-4 

3 0 

LO 

CM CO 

3 ro a 


— 


— 



— X 



a 

r- 

CM 

in 

r- 

O ro 

in 

co 

a m 

10 CO 

—4 

3 iQ 

cn 

r-4 

3 

P- 

cn cm 

3 

r- 

a 

cm in co 

a 

40 Ll 

<0 ro 

r4 







0 


O 

a 

a 

CO 

LO 

3 

m 

rH 

cn 

r- 

LO 

3 

PM O 

cn 

r- ui 

m 

PM 

a 

co 

in in 

m 

i-» 

0 

CD ID 3 

m 

r-4 cn 

r- in 

to 

Ul 


i 




1 


CM 

0 

rj 

a 

«-4 

PM 

m 

3 

3 

LO 

lo r— 

co cn 

cn 

a « — 1 

CM 

m 

3 

3 

in 

p» 

co 

cn 

01 CJ r-4 

PM 

m m 

3 in 

in 

a 

X 





u < 



i • 

V 

• 

■ • 

> • 

* 

• 

• 

• 

4 

• 

• • 

• 

m • 

• 

• 

• 

• 

• • 

• 

• 

* 

• • • 

• 

• • 

• • 

• 

M 

;x 

O 

CD 



ex X 



1 













r-4 1-4 

r-4 

r-4 

r-4 

i-» 

r-4 r-4 

f-4 

r-4 

1-4 

*-4 CM CM 

CM 

CM PM 

z 

z 

CM 

CJ 

-j 

U> 

0 

UI 

UI 

< X 

























j 





i *1 

X 

O 

XJ 

-J 

»— 

1 < 














j 











| 


! 

i 

i 

! 

1 


ex 

i 

0 

PM 

l 

1 

0- 

ex 

DC 

X 0 

i 

1 


A 

o 

♦H 

«P 

•H 

c 

•H 

<H 

& 

u 

<D 

-P 

aj 


u 

• aJ 

CL 

• u 

- o 

<Pl 

ir 

1 

tjO 

i 12 

l 0) 

; <u 

■ to 


c-. rsi en 
H rH a 

00 ION NN Nin 
HinNuiaaOifl 
<ni3 ro r j o o a cn 


177 



Stator Airfoil Coordinates on Manufacturing Surfaces 
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APPENDIX D 

BLADE ELEMENT AND OVERALL PERFORMANCE 
IDENTIFICATION OF HEADINGS 
AND 

DESIGN PERFORMANCE 
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ROTOR Identification of Blade-Element and Overall Performance Table Headings 



180 



tfl I O O (O ^ N« 'ifl N 

w * • • •• • • * • 

■* U m ^ i/t o ^ **i 

f u% n ■« x >-■' nf< y rs. 


— X • — ** X • O V — > 
r»»n — c* O — • ® p- 
TO n •- O 
■O-oJtin^n-o-o-fl-o 


o *■ n o — r » 4 

— « 3 M J> CD -O 

• ^<s-OOT‘lflN>‘ 
• « » »> 00 3 


— ii* ~ >® — — x io p» 
U d • • •••••• 

.«• tol < v t— *3 f* A • ® «P *X ‘X ■ 
• m P« T o — X N 

3 As*C.4> -O r-> r- ® X 


(A 'tfl x » r » 

u • • • • * •••• 
— • u w : — «a ^ in -c 

I IflKiON p*** -p 't >ft n 
3 \J) 4 4 ® r-. X 


A* » -O O® -O O N -<3 

n u •; • • • • • • • • 

• HJ 'i|l‘T ■O r ' 1 j% 

• n 4 ,A -• —O 4 4 >qd o 

O \ P» «N ft! — r»T y _n 
»»- > I III 

l/llOO N«’li» N 

-•«•;•• • * *•• • 

• w 4 “* (ft nnc »n o > n 

• lA N -O X 9 . -• pi ni r n. 

O'"- x : x x m r** ® x x x 

'j 1 1 • 1 1 v 1 1 

— — (/l o* — ‘ -1 0 » ■ f 4 
N W # • • •• «•• * 

I Ul tftlil A fs T f n 1 ^ ,f\| 

• cn -j« m — — * Ai — o 
>N K 4 4 4 -O 4 N ;ft( 


^ .n n j> 4 * 9 « x* 
a ‘yO J-J» N OS' 
»> ® ps. 4 4 4 ift 


! Jl T A n (ft — O (ft 
A* O P* ® o -»o® 

"* r(ft»ON«NN- 

1 ift in 4 4 4 4 4 


o T A 4 A 4 0 

Q> U T j. (V 4 |p ® — ® A 

| - r T P N-O N 

u. »- o 4 O IP (P (P CP- ® « 


-w « • • . * - - - • 
• y tA 14 p» ji -« ».n ® x 
• a -jrp- 4 N 4 a ji k 

XV p.|Np» O — , — * — • 


diA A 9 . N 9 ^ A X 4 
NWn!t« nT X® 4» O 
I Ui • • • •• ••• • 

• K Q (ft ® -*r» N<P «N 4 

A OAi P4 — | — A AX T 

o *i * 1 ! 

A » 4 a *0 <n fc y a 
-•III 4| ■'ill A 4 A □ (D 4 
iy 

• ac ® j® x *n p- -t t m 

A (JA| A A X X |/| Jt :l ,A XI 


• OC »n|A - 4 A 9 . X -~. -1 
0 OlA kA ift T T A A T X 


OOO O O O O O O 
0-0 0 O O O O o O 


Ift 1 4 « ® I 

4 T - <P ® X s 
-I®" ‘(N T 4 Jl 4 
<» > IP » P P ( 


-ft 4 a T Nlftf 



j 3 o* r n 4 p» 1 

P P P IP P c 


N - ID A I 
— ' rv T a ffl rv > 
-• T‘ j, JJ TN — - 

O (ft ift ift 4 ft I 


N 4 y x op — r 
• jT^jOmpAAift: 
(ft ■ A N D| OOO — « »M r 

<a ii.o a ooaooo( 

OO **•••••• 


— lA — ® — — x o p* 
N O ••• - * ••*• 

I jJ T'.—O Mfl -4«P -P> 

• t/» N T 4 — P P» A Jl K 

O >* ® i® -4 fs. P- - ® IP -X -X • 


4 , K n. ps. x k a ui a 
-• o * * • •• • • • • 
■ u — t n rs — p p A O 
• 1 n — • ift ® ps. y <p- p» -x — 
O NN - |N AT y III 


XiP<— -®X as-Oix-p, 

N U •! • • •• ••=*• 

S Ui m^X > >T — -O '-n Ps 
• I/I IN A A N A p A T T 
X X.X jX X x o o — f — — 


in® )D air-. IN 4 - IN 

-» u •• •••• 

1 uj 4 -at ® n a in ji 
• ax - in 4 — ® 3 P 

> xa 4 4 ® r- r- 


o 04 op n a> - at 
N UA N 4 - — A 4 0 4 
I UJ • • * •••••• 

• a. A A T PS O A a N « 

0 if t!t r r a Ln a ji a 


p N p — • Ol «<0 0 4 

— U ®<4 o r-K a ® n P 
t ui J • • •••••• 

• X d T « ® X 04 N P 
m vj p,s — | — »-> PV — 1 i-i 


O o O O O O I 

a o o o o 3 o 1 

< J Oo 3 3 3 3 ( 
I -<0000001 


o O o o o O I 
IL o o O O O O I 
» -JOOOOOO: 
lx. < OioOOOOl 

^ 

UI O I 


® (A X M® ® X ® ® 

W W 

I UI A A - « -• p P a N 
o vi® : *a® tA® r- a 4 4 
>n ai® ft- 4 a x t t y 


A 4 A N a T N ' 
' ® o O — 4N'Pd 

* iM — — O — . rs* 1 

> o O 000001 


1 A a 4 A A OP 


UI I I 

0 Joo 

uooo 

A LJ m • m 
I 0C 
O If 
UI 

o 

A4 N 


a a a ap t 

n p - >• a p i 

A — ft ft T N OD o 

3 OP p P xx x « 

A. 1 


□ O 00 o O o o 
00 000 000 


l ill - X x AP O l 

J IN fs. — — X — r 

» - N A A A 3 — - 

1 U.O0OOOOI 

» o 4 


1 a |p o p a 4 ' 


O o o O o OOO o 

- u 4 • • 

*W 


< P P n t iv o - ift 

o — _00000 — — 


p r A A N a A O 4 
\J n 0 NiflNN|ftfflN 

< a^tOPTODAT 

u» *N n r t 4 a ift ft ift 


ooo o O O O o I 

IN u 4 • • •• • • • 

• UI 


l 4 a a a — 4 i 

A p A — — « « 
1 J A A A A - - 
» < o o o O O O I 


HPI® P4 tA — X P- *4 
«••«••••• 
• W04-n^-« rt — 4 

O a p.'a — « a 4 a 4 4 

> xp'i^ N' 4 kA T T, T T 


-• y - A a 4 : 

<*>• t 4 a a a 

>0 4 4 PT -» P 
T x T T T A : 


I Id t|® a 4 a rs a a r- 
r a — a — ® r- a a a 
>N 4^4 4 4 <ft iA VI (A X 


p| O — A A PS a A P 

— o • •*•*•-* « 
• ui n r- x x (ft rs a ps m 
z mn' a p a a <- 0 ® 4 
>n a; ift a 4 4 4 4 4 4 


nw a — or* — 0-0 a 
I v»r- ; T o O — Wf1 *>*or- 

>N OO o X ® r-r-r-. ® 


r- X x lApsfflps sD 

a p a a 4 4 4 4 

aa 4 4 4 4 4 4 


<0 r —a a 4 4 o 

a Oq— 4 ® o«ni- o 

< j/ O 0 oao — — — *m 
IfuOoOODOOOO 
UJ 0 

II , 
o a 

T T fs X N A o a N 

oc uj x a, ® x 4 p 4 a a 
UI *1 «.••••••• 

x cr Cj^p a a a 4 p a n 
X VfA^4aAA-—- 

< UJ 
OO 

^ 9 . a ap p p op- 
uj a j, x® - a — a a 
Zu ••••••••« 

Z«N n aTO®TAP 
o a 4^ a y a — — — 


rN*j ps x ® —mom 
uj Qn p x a a 4 1 a a 


I x|p<o«dia x»4®® 

N U N • • • • • • • • 

: • Ui A A® 4 A - - Pi 4> 

I a B ® ND 4 4a T A P 

:X X. ® ; < ® 4 4 4 4 4 a 

X I 

- Ik i 

x'n>« p a a A 4 a 

- w 

I UJ ® I — Ps 9- A « A « p 

zaaP — a^N4AO 

> n a a 4 444444 


pjNo a a x A 4 a 

u • • 

AW A A® a A — — A 4 

f m m i <0 ® -o 'O m»’ ap 

> X 4;4 4 4 4 4 4 4a 


cr y — x «m« y : 
1 aa «a r t a a ' 


a - No a ^ o » 


- Ul 4 iON O — T A « N 
• a 4 4 T O 4 A o a 4 
> \ X!Pp p a o a n n 


a a ® n 0 — ps ® 

a a a — 1 co x y 

® 4 p •• A 4 T A 


< — ps A T A A Jft 

0-0 P * T- pi Ps o — 

AA t h p ift t a 

T tfl ffl, A jj ® p q 


® cm x o o a> y x ® 

I U n D a 4 P A N — « 

U y «•••••••• 

I (T N n A A A X T T A 

— \9 

o : ! 

p — o a x a a a a 

a ui ®4 p o o oa 4 a 

uu «•••••«•• 
Z X T A A A - i 

— *a * ■ 1 • • * 


• 'Sift ® A 4 OX A 
A 4iO« 4 N a N JJ o 
g P»)X X A -4 — — ps X 
< ••••••••• 

— X p o A T p P P o 
OX —(—PI N A N NA A 

•J m pi x 4 « xp»® 
— a' 4 4 a 0 a p t — 
pr^ • x|4a p - P p 4 A 

M Ps ® 9 - _ T 4 a p 0 

F°:i 


H ? 

Ju inomooooom 

(yj -HMint-aoioi 


181 


ncorr rcorr to/to ro/po crr-AD cff-p 
INLET INlET INLET inlet INlET INLET 

- _R PH --LBH/SEC t 

7365. 179,66 | « 1 3 7 | 88,27 88,91 


APPENDIX E 


BLADE ELEMENT AND OVERALL PERFORMANCE 
OPTIMIZATION TESTS 

(FOR TABLE HEADINGS SEE APPENDIX D) 
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Table XI Performance with Uniform Inlet Flow, Optimization Test, 5° Open Stator 
, . 100% of Design Speed 
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Table XIII Performance with Uniform Inlet Flow, Optimization Test, 10° Closed Stator 
Rotor 1 00% of Design Speed 

DlA-t DIA-Z V-l V-2 VH-1 VM-2 / 3-1 VO- 2 B- 1 3-2 3*-l B’-2 
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Table XIII Performance with Uniform Inlet Flow, Optimization Test, 10° Closed Stator 
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APPENDIX F 


BLADE ELEMENT AND OVERALL PERFORMANCE 
UNIFORM INLET FLOW 

(FOR TABLE HEADINGS SEE APPENDIX D) 

Table XIV Nominal Stator, Solid Casing 

Table XV 10° Closed Stator, Solid Casing 

Table XVI Nominal Stator, Treated Casing 
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Table XV(c) Performance with Uniform Inlet Flow, 10° Closed Stator, Solid Casing 
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NCORR WCORR to/to po/po eff-ao eff-p 

"INLET INLET IfiCET INLET INLET — INLET" 

RPM LBM/SEC % % 

5931, 156.46 1,08>4 1,2697 87.8986.28 



Table XVI(b) Performance with Uniform Inlet Flow, Nominal Stator, Treated Casing 
Rotor 80 % of Design Speed 


J « *h 
O • • 

<\J Ul K> f 
i in 

p x if f 
H 
Ul 

' cr in 

o • • 

Ui OCO 
I 1/1 if xO 

P X IO IO 
Ul 

; O' o 
rvj O * • 
I Ui to co 
- 10 if CO 
o \ <MH 
> *- 

^ cnn 

HO • • 

) U OCO 

• 

OMOlO 

> K I I 


fO O' ONCOCO CxJ 


:r f m 
in o 
a- m m 


r* r- 1- co 
r- io in r* 
m I** r* 


h-MO Hotf (O 


in if to 
O' r- r- 
io ^ in 


CO vO f* CO 
io 10 m h 
jo hh h 


n vo o' co or* r* 


in r* o' 

PO | xO 


r- r* to 
• • • 
m if to 
cr f* 
to c* in 
l I 1 


1 tnr or h 
NU * • • • • 

i u eg m O' o =r 
- 1 /l^lOHOv o 

> N in in in if in 

£ ! 

• r~ to -4 egr* 

H U * « • • • 

t ui co to r* m to 
» in m vo co m to 

> s in o m o r 


O' vO O' H 

O' in xo O' 
cm to to to 

,*l»i 


o ^ to 


t 


to m r* co 
to to to r*. 

| l i i I 

b to o in 

i • • • ■ • 

in O' x© r- 
in m m in 
in in in in 

i : 

W CMf*. O 
[ • • • • • 
r no© 

HNO' O 
CO CO CO o* 


CM Ul 
I Ul 
► LC 
250 
bJ 

■ P 

-4 Ul 
I Ui 

* <x 

(CO 

Ul 


CM U 
l Ui 
o in 
> N 


co-4mto-4ffco-4m 


MM^N-oKh© 

incMcoocvr^cooo 

oio inmtf 


! 

-4 u 
I Ui 
o m 
>f 




CM p 

1 Ui 

2 in 

> \ 


1 Ul 

2 in 

> \ 

r* 

u 

6 
CM Ul 
i ,m 
>!\ 
r* 
M* 
L> 

HU 

i in 
>N 


I 

hoco m cm m co r» 
• • •••,*♦• 
xo to -4 in oo* co 
HN nmiO r O'!) 
&srttsr&tr&# 


fomtomcMCMfo* 


• • • • 

oo' tom r* ~4 m co 

KUTf- OfO O CO 'O 

co r* r* r* M3 xo in in 


h bed © cm jm cb r* m 


M3 tO *HlO O O' co 
•HCMtoinxor-'Ovo 
if if & zt tt ft xt ft 


T 


r\ 

< 

:3!Z 


I 1 
< ‘ 


in »o in co r* <n -4p* t 

>0©iO©POCOd-Hl 

CM xO O' -4 fM xO if ( 

* * **•*•* 

xoxor-o'toocoo' i 

—4 ^ -4 -I cm <M CM CM « 

mm r*> to LT to to t 
tooxOcMr-ior-o. 
c\io»Od*{\jo*in=r< 
* • •»» • • • 
tocrtncocMintoo' < 

H H H H N N N f 


v?OmOO0*^>O< 

- - o v> r * O' < 


O' :f O OO fcfcoco to 
vQ in *H <T m iOxOxOM} 
• ••••!••• • 
mom o' fM® h a- 
CM CM -4 .H tO tO if f 

III I 

'biOMM© It inin o 
CM co iOjJ-O' (O d-M O 
• ♦ • ••(*.*•• 
o' on© oa-r© o' 
to if tttf inininm© 

, I 

criomcofCrnr-tn 
' K>H©0'0' CO M3 O CM 
1 •••«•!•••• 
: n h (md h © © to f 
^mmfsfirpififsf 


u. p 
Ui 


r* in Mm r- O' in r* ox 
o' io r© r* w -♦ r* r* 
O© x£) to ^ O' OCO 00 
in f tr zt cr a in zt- ft 

• • • • *!•••• 

i 

br era- to o' co to sr 
-*m co ^ r* r* to co 

O' — < IOo b it O' h (M 

sfin mm m p* r- co «o 


to — t Ul J- rOboinN 

CM— l xOovO CM xO CO if 
in CM O' fO xOtO^O'CO 

r*r* xOxo in m m ^ 


1 r • • !* 

■ M CM CM IM 


r* ^ r- CM it rx x V xv in 

cr co m cm cf cr co r* m 

h- © O' H CM CM CM CM CM 

tOtO »Oif if if if if tf 


>o —i 
p f o 

H (\|H 

r- to co 

E “ 

-MO 
, OCO 

Li xom 
< O'er 


cor* 
oin 
to O' 

O' O' 

• • » 


O'xO 

CM CO 
COO* 
O' O' 


oto^r*h- 
m m xo o co 
O' co 00 CM CO 

0 * cr oo co r* 

T * *|* 

CM U CO o CM 

r- p to o in 
O' 03 o cr o 
O' Ox O' CO CO 


r*m 

—to* 

Li xOxo 

_ < O' O' 
U- F • • 


xDN 

toco 

<0 O' 
O' O' 


to L m o io 

r* O' r* xo cm 
o* oo o cr —i 
o* O' cr go go 


co o too* 
\ inxo o j 
CM U CM CM CM CM 
O b to K3 IO to 

CL D- * • • • 

hh 


! 

m U xo cm m 

ct if xo xO p 

HhH oo* 
IO to to to cm 


w 

CM Ul 
I oc I 
CD O 
UJ 
p 

| OOOOODOOO 
Ul ooooooooo 

•H Ul 

i a: 

CD P 



to cm xo 

O «H O»0 0* 
C O CM IO to 
0(3000 


©co cr =f r* tr r- ^ t 
. ItH ©o on h© i 
L i *H-t oo o o cm k> t 
rt oo oo o o ® o < 

; r*'**T**' 

CM O* tfxO IO <HC0 « 
COxO CO ~4 CM co 0*0 • 
r- in cm o o c » © , 

OO OO o o O . 


ooooooooo 


CM cf oo 

r-to r*to 

POM \OxD 
CM to to ^ 


cr o in cr cr 

v-4 O' CTx o* 
(7* r* cr CM to 
xt tt * m in 


©jroHO©N© 

OHOor bt©‘0 
o o oo* r* -xD ^ m cr 

©©©f f f f 


oo to if in tr ok) to 
OO OCM to If xi> O xO 
5COO OO 0,0 o o o 


UJ o 

• • 

• • 

• 

Z5 

i 

roeg 

*H*H 

CM 

ex Ui 

r^co 

cron 

UJ Ul 

• • 

• * 

• : 

m ex 

om 

CM tO 

CO 1 

2 o r*m 

mm 

to j 

uB 

mo 

h*M 

r- I 

_ Li 

O' if 

fin 

CM 

Z Ui 

* • 

, ♦ • 

« 

u: ix 

if -4 

r-in 

— i 

P o 

mm 

inf 

to 

1- Ul 
p 

CO —4 

! 

>om 

r- 

UJ 

r--* 

in-» 

m f 


w IM P 

|M «* <H 

r- o r* r* co 
' cm r- m to 


CM CD © f 


ui * * • 

DC OO —UT Cf CM to O' O 
13 HH <Hh — h 

p ! 

[ cor* it o' 

Ui Of* M,o 
Ui • • * • 

ex mm xOxo 


«f io xo to in 
cm r* xD m cxi 

• ] • • « * 

r* K r* r^ r* 


L oo mr- erm Hin o 
coco oo cm m o o cr 

u y • • • . 


Z 

<xnO»nOOOmOm 
C- nt/ir'OOO'^ 

c/3 


O 

ec 

CO 


0'tor*xOxDfo-ixocM 
CM Ui eC Nr to© O Old K) 

I ino'*-»cgr*tooinxDto 

t. i 

cr co co to or cf o o* 

u • • < 

—< Ul NO© CM fO 
i in xo co CT in cm 

D\f f tf ©© 


w to OCMf* CM toco m 


u. 

-♦to 

CM O * 

I UJ Of f K)© 

• in to cm to co »o 
o\inin inioio 

> H- I I .1 I | 

Ul 

cf CM 
HU* • 

| Ul xO H 

• in cm co 

OS H 

> ►- 

u. 

; >0 O 

CM O • • • • • 

i uj m co h to © 

• in to cm in O' cm 

> s. r* r* r* r* co 


r 


• • i • • 


to o* m 
tor* -» 

I CM 


«■ v xw 

to IO 

fl I 


to f in r* 

© H H K) 

(7* O' O' 


-I U 

I Ul om 
*• in o' O' 
> £ Cf zt 

U. 

•H CM 

cm Uj -4 o 
I Ui * • 

- £X xO xo 

CO cf cf 
UJ 
P 

. in cm 

—♦ Ul O' cf 
I UJ * * 
•* ex cf O' 
coo -♦ | 
Ul I 

P O' o 

K ef to 
• * 
I ff lOH 

mo i i 

& 

i O' to 

Uj —4 O' 
•H UJ • ♦ 

I D£ •-* CQ 

mo m cr 
uj 
a 

— I cf 

NO • • 

| UJ rl n 
o i© n h 

>N. , 


a) 


K) cf io *H cf *H Ox tO 


oo O' o 
o to co 
in m m 


O «-lxD 

to to m 


in f o 
f f in 


k 


^ r* exj — < 
|CM IO <M CM 
*0 xO xO xo 


Clflf H 

%0 CO to O' 


P =f r- o' 
m m m 


m if o* 

to cf r* 


Cf to -♦ 
I tM 


tO CM f 
xO O IO 


I I 

a 


]r* i 

i 


r 


u. 

C3 O 

NO • • 

I uj oxo 

I U H O 

> ^ in in 


: hor wm -h 

HO « ••••!• 

1 uj to O' n *o co co 

2 inr* co o to to to 
>\f f inifiinm 

I 


o 
o • 

CM IU -* 
t m w 

> \ m 


vD CO €0 IO cf 

O 1*3 !AJ 

m m in in m 


co 

CM vO 
i to 

< 1 ♦ 

h : px 

QlZ -t 


-i ! m 

1 : O' 

< ! * 

*~* r* 

02 *-4 


co in co cm t'O 

O CO 'D h* CO 
O' Cf CM vO *H 
• * ♦ • 
O* O CM rf f- 
*H CM CM CM j CM 

tn CM O* xO to 
xO xO tO co CJ 

xD (Of 

• • • • j • 

tO O' Hf © 
*H *H CM CM ,CM 


Z 

< x 
CL 

r Ji 


O m O C O 
— — ro io r~- 


»OsO to o 
O' f xO CO 
r-r- f- 


HNOh 
h f r- h 
h n r* © 

II i I it 


m cm m b xo co cr 


in o* co m 
cm xo r* o' 
■ to to »o 

i i 


to cf r* fn »h -o ec 


b CMxO (JX 

•h cf cf m 


m r* o* 

to to to to 


(room 

>4 to m f 


r* m o © in o o 
xo m *h /o cr cr co 

xo ~r* if m r* oo 
ft & to *o PO to to 


to xo Htr © cm to 

* • • i » • • • 

©O' to Io CM if co 

.1 I | u | CM 

» * : 


to (m f r* or* f- cm cf 

cf to cr r- xC m 3 oco m 

cf to tn o* w r* ocr «h 

© © © © r b* co f* co 

•••••{•«•• 

r 

mm h o © m 3 r* — ♦ ir 
oin© io© ir no* xo 

^ f ©©HlflvOf f 
ffffinmininin 


©n 17 o -h o co co in 

MOIOIOO H O O O' 

ff©r©©©m o 
fftfffffff 

# l* * * 1 * * **" 

ocr to *hco r* m o* if 

f* h- H © H (Jl ^ H O 

r-xDxDtoor-vomif 
xDxomxom^nmmm 


fMCM H H© [O © © 

irH©Mnin©N 
• r-r*totocf-4a-tn 
-r s *p*cocrcro'cof' 


o oo ooo o o 
0 0 0 0 0,000 
oooooooo 
ooo oo ’ooo 


ooo oo o oo 
ooo oo'ooo 
o o o o oo o o 
ooo OOO OO 


to CO K) — l CM -* 

CMCMxOCMifK><7'0' 
in © © n cr cr o' cor* 
o o' O' cr o' O' (r cr o' 

:Q- I • • • 


l 


xo cm cm co in -h tor- 
•H to CM CO r* HO* c* 
ro to CM CC'HHIO 
OOOOOOOO 


mcMcMcom-Hinr^ 

«HP0CMC0r^-4(7'O 
I to to CM 0 0-4 Hf 
o o o o o o o o 


< 

£ ■ ■ i 

ococMtommo'Co 

NrtioruniOf h 
f f o* « cm n •© h 

HH O OOO OH 


1 cr to n h in © © © o 

. . . 

I Ul to CM I 
o mx xo i 
> x in m i 


MorN©f in 
to r* a so r* co co 
in f f n io n to 

in o* to to n o h 
• ••:*•*• 
CO f* to if sO If O 
CM to CM CM <M tr f* 
m m m m in if cf 


f* H N O' —4 O' cO O O 

ororn imo u> sor if 
o cr m h o© ©io © 
inf f f f n of f 


ir oo 
• • ♦ 
O' f o 
-icr r* 
in if ;r 


— h m O tO ;f CM -< 0 * 


O O O O O Of* xO 
OOO ooo OtM 
O OO O O O o o 

ooo ooooo 


*H O tO f © O' f © I 

ifcrin o'©ohh( 


©f o 

io* 

in if ir 


M* - ’ I 

r* if irt co »o !co a* m ^ 
o* * *•»!• 
HUin©© win'H *h xo if 
l m in if to hi* © f nh 
>\ r-r*f^f*mvOxOiOvD 


O' in <m »h to <si tr m 

©©©inffff 


co o vo oif tn m o 

xOCMlO © f © © f 


ir c'f* 1 tn 1.0 -3 

mm if if to to to to 


■h m cr r* r* to co h i 

jcrtrerinmicoifcr - 


ocr cm 
eg in o 

•Hf* cf 

• • • 

O' O' o 
CM CM tO 

*f to O 
t- f *H 
O' xO K) 
• • • 
CO O' o 

cm eg to 


vi O vi 

00 0 0 


2 UJ 

u uj 
z ex 
**;o 


O' O' 
m '<3 


•m a 

i . 


sf to if in to m in 
•h cm eg to o-p **4 


I *H -Hj-H to If ef 


in ui c 

O UJ 
Z ex ; 

*H O I 

Ul 

ip 

z 

< 

; cn 


a 

h- 


i 

UJ 

r- 

UUM 

*. 

u. 

z 

o 

u 

r* 

<r 

a 


<r 

< 

t- 

to 

i 

Ui 

• 

u. 

-J 

Ll 

z 

p 

UJ IH 




O 

o 

►- 

O' 

CL 

Ui 

O' 

*s 

-J 

eg 

o 

z 

• 

QL 

- 

—4 



O' 

O 

t- 

iC 

1- 

UJ 

03 

X 

-J 

o; 

o 

z 

• » 

1- 

*H 

—4 | 


ui i 

> Ui 

UJ CX CM If If or >- HO© 
O O *H *H —4 -4 H H 


- m cm cr .eo m cm o 
) Of to cm fO f x£) 

• o 

) tO CM to 4 - m CM CM 

111,111 I 


*n0o000<n0 l 0 

— oxnooooo 


ucm: 

(X V* Uim ; 
(X ui tn • t 
O JMT 
O Z 2 IO j 
3 t-i 33 M: 


K * 

cc uj I cf ; 

OUQ.O 

o iz ctcr ; 

z r "i 


233 





z z 

<»nC»noOOv>0«n <v>0»^000£0'q 

o- ^ « r ■/) (s x cn ^ Qm — — o^nt-ocovc> 

on co 


234 


*§ 

o 


T3 

(D 


03 

e 

H 


t-T 

o 

+-» 

cd 

4-> 

0O 


03 

.s 

E 

o 

Z 

£ 

£ 


CL> 

C 


c 

p 


4-* 


<D 

O 

G 

03 


<2 

O 

&4 


o 





,o 

03 


H 


<i> 

t§* 

.§} 

Q 

'o* 

o 

Os 


o 

o 


c* 



0 X |A 

CO 

lft O' 

ft 

cO 

1 

Oft o- 

x in ft 

io ft 

V 




kJ 

• * j • 

* 

• • 

• 

• 

* 

* 

xx o O' *o ft 

X x 

eft 




"4 UJ 

COX 

o 

X •ft 

M 

X 

X 

r * 

— O as 

ft X X 

ft X 

X 




1 A 

O CO — 

«0 

X 'D 

ft 

ft 

X 

► 

ft ft X 

XXX 

X X 

X 




D "s. 

r T ifl 

lft 

« X 

O 

<D 

hi 

£ 

• * i • 

•l • • 

* * 

• 




*— 

I 








1 






u. 

o n tr 

ift 

!M -O 

ft 

X 

o 


CO® ix 

— ft MJ 

> 4 

® 




U 

• • ; • 

• 

m m 

• 

• 

• 


CO -D ft 

X ift M) 

— 3) 

X 




— UJ 

r in ® 

lft X eft 

o 

X 

<0 

t 

—x !x 

X ;ft — 

X ® 

O 




• A 

O — IT- 

•ft 

X ft 

rft 

ft fX 

[• 

ft ft ft 

m> ® 

CO ® 

X 




3 x. 

ITT 

ft ® x 

D 

CO <0 

r 


•j • • 

• • 

• 




X 








1 

1 






U ‘ 

CM X l— 

CM 

In o 

rft 

_ 

O' 


<B — ift 

ft x x 

N - 

X 




r%j o 

• • i * 

* 

• • 

» 

• 

9 


—0 o 

ft X X 

X X 

•o 




• UJ 

n — ® 

CO 

ft — 

A 

CO 

T 

IM 

* <M ift 

(O NO 

ft ft 

— 




- «n 

t O T 


ft CO 

rft 

ft 

CD 

1 


-O So ft 

ft ft 

lft 




o X 

M CM 


— X 

rft 

ft 

ft 

X 

• •! * 

• • . 

• * 

9 




> h 



1 1 

1 

t 

« 









u. 

l 


■ 





! 








o n ir 

ft CM ® 

ft 

X 

o 


XO- X 

O X ^ 

® X 





— u> 

• •! • 

» 

• * 

• 

» 



— O CO 

ftft ft 

o ® 

X 




• Ul 

r in ® 

lft x ft* 

o 

X rQO 

— 

® O' O' 

— X X 

X — 

9m 




- a 

pd — x 

ft 

X ft 

n 

ft X 

| 

ft ft lft 

X ;X x 

X X 

X 




O X 

ATT 

A M3 X 

CO 

CO 

CO 

r 

♦ • 1 • 

•l • • 






»*- 

» 111 

I 

i a 

• 

a 

a 


1 







u. 

i 















<M O O 

X 

X X 

[•a 

CO 

CO 


'Oft 35 

ox x 

O- X 

X 




jIM u» 

• • 1 • 

* 

* * 

m 

• 

* 

o_ v> 

® ft M3 

MD X ft 

fX X 

X 




1 UJ 

p- CO ® 

O' 

-0 o 

X 

X 

X 

i - 

x x ! — 

x. x x 

X X 

-9 




• a 

Lo ft .ft 

O' 

o X 

CM 

—* 


U. X 

ft® .O' 

XX® 

X X 

X 




> X 

A A Lf> 

3- |ft lft 

J> 

ft ift 

u. <. 

• • i ♦ 

•j • • 

• • 

• 




»~ 

j 






UJ X 


1 






u 



. 




ft 









m In 

•ft 

-0 CO 

A 

ft X 


O' X o 

— X X 

ft ft 

ft 




— o 


• 

• * 

# 

• 

• 


x — :® 

X ft X 

ft X 

X 




• UJ 

> x ; tt 

<M X ® 

O 

o 

o 

< -> 

XX X 

X j® — 

— X 

X 




- in 

® o* :*m 

o®> <s 

ft 

X 

X 

1 < 

XX IX 

XX X 

® X 

X 




> X 

A A ® 

X x 00 

> 

X 

X 

U- X 

• • j ♦ 

•i • • 


9 




x 

i 






u. o 


1 






u 







UJ X 

1 

1 







X O O 

•ft 

X X 

O' 

•M 

X 


ft OO 

XX X 

X X 

ft 




X Ul 

■O — CO 

o- 

CO lft 

X 

CO 

ft 

0- 

ft ft x 

ft X ft 

X CO 

M> 




1 UJ 

» •. m 

• 

m • 

• 

• 

• 

» 

ft x :x 

X M3 X 

X ® 

ft 




* JE 

O — eft 

• 

x — 

O' 

ft 

co 

u. << 

XXX 

XXX 

® X 

X 




03 U7 

ft N - 


— « rft 

ft 

X 

X 

U X 

9 9\ • 


* 9 

• 




U> 

a a j a 






UJ o 

J 

i 






Q 

! 






*- 

i 








— . N CM 

CO 

X O 

CO 

X 

X 


X — lft 

o x x 

X ® 

ft 




— LJ 

A — -0 

-o 

CM — 

D 

-O 

X 

N. 

X — x 

X O ft 

— X 





• UJ 

• • • 

• 

* • 

• 

• 

• 

CM — 

-X X 

X ft ft 

ft X 

<«• 




• £C 

N T lA 

0> 

X CO 

o 


CM 

o o 

^x X 

X X X 

X X 

X 




CO O 

T- T- T- 

X 

ft ft 

~G 


CL Cl 

• • • 

9, 9 9 

9 9 

• 




UJ 

i 








—9 

— • 

— * 




o 

= 















xo in ® 

— • 

X o 

O O' 

r*. 

a_ ui 

— — X 

X M3 o 

® X 

X 




UJ 

X O O' 

o 

O «ft 

O 

O 

X 

1 -» 

CO — X 

M) M3 CD 

rr — 

X 




X UJ 

• • • 






ft — 

X — o 

o o — 

T ft 

ft 




1 0 c 

© ft — 

OxO 


ft 

ft 

ft u 

o o o 

o o o 

o o 

o 




m o 

»A A A 

ft 

X X 

ft 

ft 

ft 

o o 


• • 

• • 

• 




UJ 







_» X 

i 

I 






Q 



■ 




a- 


■ 







o o a 

o o o 

o 

o 

o 


ft® X 

— ft M3 

X M3 

® 




Ul 

o o o 

o 

o o 

o 

D 

O 

i 

as — x 

O — ft 

— X 

o 




— Ul 

• • ' • 


• • 


•1 ♦ 

in _j 

X — o 

— — CM 

ft ft 

-o 




a x 

i 






; ft < 1 

o o o 

o o o 

o o 

o 




CO v9 

I 






O X 

• • • 


• • 

• 




UJ 

1 






|-» o 

j 

O X X I 






O 







►" 









□ A® 

O 03 O 

o 

X 

o 

' CO 

ft X X 


X ft 

ft 




X kl 

• •. « 

* 

• • 

• 

• 

• 

i a 

M3 X O 

® O XI 

— ft 

X I 



i 

1 UJ 

<M — CO 

Cb 

4) eft 

X 

-0 

ft 


ftft X 

ft X ® 

,X X 

ft 


u 

1 

o a 1 

Lft O 1ft 

CO 

— <© 

> 

O' 

o> 

CO 

— o o 

o o o 

— X 

X j 

— 

UJ 

w 

> X 

X ® ® 

ft ft X 

X 

X 

X 

UJ 

• • ! • 

•. * • 

• • 


■« 

ft 

x;<r 

x 

[ 






X 




1 * 1 

i'X 

X 

ui • 

u. 







o 

I 




— 




0 

0 

0 

o o o 

o 

o 

o 


x oft 

X O ft 

X M> 

9 i 


ca 

inlf^ 

— u 

• « •j • 

- m 

• * 

* 


• 

o 

X ft ft 

Ml — X 

OX 

X 

, * 

-i 


1 UJ 

j 






■< 

ox o 

X M> M3 

1 ft X 

ft 

I 



o a 

t 






1*. 

ft ft X 

ft ft ft 

M3 

M3 i 

Ql 

X 

o 

>■ X 







a 

• •: • 

• • • 

• • 

• 

1 

UJ 

X 

x 

I 






O 

} 

i 



u. 

-J 

M • 

lx 







' 

• | 

1 

|® ft 


u. 

z 

— 


a o ft 

o* 

CM X 


X 

X 

CO 

OX «0 

ftft® 


X 

Ul 

•— 

X 

CM O 

» • • • 

• 

. * 

r . 

• 

• 

a 

— ft M> 

x x x j 

1 ft X 

ft 




1 UJ 

tM O eft 

•ft 


CM 

ft 


■< kC 

o o o 

— — — - 

! x x 

X 

o 


ft 

x t n 

O CM — 

O' 

CO 4 

o 

X 

X 

U u»! 

o o o 

o o o. 

o o 

O 


X 

X 

:> X 

r in in 

3- 

X X 

X 

ft 

ft 

UJ Oi 

1 • • • 

• • •< 

m • 

• 

1 

UJ 

• 

fr- 







X d 

1 

; 



u 


C»Q O 

it. 







o vri 


\ i 



u. 

X 

o* i 


Lft X X 

•ft 

— ft 

-0 

ft 

X 

1 

i XX -X 

ft X — 

o o 

X 

Ul 

— 


.« u 

• • • 

« 

• * 

• 

« 

♦ 

£E UJ 

; x ® X 

O ® X 

X X 

ft 



1 

1 UJ 

O' CO ® 

X 

-O x 

CM 

o 

CO 

LJ UJ < 

• • • 

• • • 

1 • • 

• 



x ! 

x in 

— X ft 

ft 

-0 -o 

•O 

-o 

ft 

CO Qc' 

Oft X 

ft ® MJ 

X ® 

X 

o 

X 

X I 

> X 

T T T 

X 

X X 

X 

X 

X 

X 13 

X M3 ® 

ft ft X 

1 — — 

— 

a. 

UJ 

x : 

fr- 







< UJ i 

i 


1 


V. 

-1 

X ; 

it. 







u o, 




o 

z 

• i 


O' X ft 

X 

— CM 

co 


co 


® O X 

— 'Oft 

X X 

ft 

a. 

— 

— ‘ 

U 1 

• • • 

• 

• • 

• 

• 

• 

Ul 

ftft X 

® ft ® 

o® 

o 




XUJ , 

CO eft -o 

CO 

4) CO 

O' 



Z UJ 


• • 4 

• • 

• 




a in ! 

O' ® ft 

® 

O <1 

ft 

X o- 

oc or 

Xft — 

O M) -O 

— X 

X 

o 

X 

® : 

» X | 

® ® ® 

X 

X < 

-o 

'O 

ft 

3 o 

X M5 MI 

ft ft X 

X — 

— ■ 

»- 

Ul 

— : 

x 







x UJ 

i 

t j 



>v 

J 

— ■ 

u. 

■: 






oi i 




o 

X 


<ft x x 

•ft 

— ft 

>0 

ft 

X 


O® X 

ft x o' 

X ft 

as 

X 


— 

kJ 

• • » 

+ 

# • 

• 

* 

* 

UJ 

XX® 

ft x — 

X lft 

— 




— UJ 

o- a> ® 

X 

MJ X 

CM 

o 

co 

> Ul 

9 9 9 

« • • 

• • 

• 




a in 

*• IN ft 

ft "O -0 

•o 

-0 

ft 

Ul tx 

-ox o 

XX — 

O' — 

X 




> X 

x X O' 

X 

X X 

X 

X 

X 

Q 13 


— — — ; 

— 

— 




»- 







UJ 


i j 






u 







o 


1 







lft CO lft 

CO x <o 

^-0 

X 

CO 


— X ® 

x x o x ft 

ft 





® A ft 

CO 

•ft CO 

X 


o 

x uj 

ft O ft 

xft — 

ox 

M3 




a 

O <D ® 

o* 

— CM -o 

X 

X 

CJ Ul 

9 9 9 

9 9 9 

9 9 

• 





» • • 

* 

• • 

• 

• 

• 

z tr 

co x x 

X o — 

— o 

O 





® ® X 

O' 

•ft -D 

CO 

O' 

O 

— c» 

■ — ■ — ^ 

9m — 

— 




02 


M 

CM CM 

CM 

X 

ft 

UJ 

i 

i 













o 


i 







tA ® — 

X 

•ft X 

ft 

ft 

ft 


XX O 

X O 'O 

ft M3 

— 




— 

no® 

X 

X ft 

X 

o 

— - 

ft UJ 

XXX 

ft M3 X 

X X 

ft 




a 

N ft ft 

X 

IM O 

ft 

X 

X 

U UJ 

•- • • 

' • » ca 

- •" i 

- « 




< 

• • • 

p 

• • 

• 

• 

• 

z as 

— X ft 

X ft -0 

X X 

: X 




M 

•ft 3* A 

CD 

CM ft 

<0 

o- 

o 

— o 


1 






02 

— -® 


CM CM 

CM 

X 

ft 

Ul 








— 



■ 




o 

, 

; 













Z 








< 


o o o 

ft 

o 

in 

< 

in O ft 

o o o 

in O m 






Cft 

m x 

oC 

CS O 

flu 


ft m x 

C30 01 

CA 




CO 







cn 














& 










i i 

3ft O—OO 

m ® in 


> X ® —XX 

— X lft 



U 


* * • 

X 

ftft 0 X ft X 



M Ul 

M ® W X S O 

o =r jft 

1 

® ® fO —M3 — 

ft ft ft 



1 ft 

0 X > 3" — O' 

r -o ® 


4 4 4 N K ® 

0 <0 as 



3 ’v 

Oft ft 'O X X 

0 ® fO 

X 

9 9 | 

* *t • • 




X 

i. . r . 

r 



■ 

I 



u 

0 X M3 o to ft 

o *•; o 


X X lx ® ft ft ] 

— ® ;X 



kJ 

• • • 


> X 0 

X ® X 

Xft,® 



— Ul 

— X |X O X X 

x 

1 

— x p 

r M3 ; 0 x 

X — 0 



« ft 

M X \*0 X O ® 

r 4 :« 

9- 

X X 

r x ft ft 

A ft [ft 



Z> -V 

A ftft M> X X 

0 ® « 

X 

9 9 

• *1 • • 

* • • 



X 

i | 

1 



1 




u. 

► O' CO ® ;0 ® 

1 

> ftl*^ 


ft X t 

r O'— ft 

O — ffl 



M U 

• • : • • : • • 

• 9\ 9 


X O x XX X 

ft ® ft 



1 UJ 

•NX M3 t n 

r as co 

X 

— X X ft X x 

x O' as 



!* ft 

n x x <— O' 

ft ft O' 

1 

xxx x !x x 

X ft :ft 



O x 
ix x 

0 M3 LO M> X X 

1 a ;a ijii 

0 0 ;® 

a • 1 

X 

• * 

I 

♦ #i • 

| 



[_"■ 

1 i ■ 

— ft X X X O' 

ft ® |o* 


ftft 

1 

r op© 4 

0 ® !x 



r* ° 

• • > • » l • • 



as as as x • A r 

ft ® 0 



!7 uj 

N N 4 T » (A 

X O :0 

+— 

— O O XX X 

0 ® ,® 



p in 

n ao mx o — ft oo 

a 

XX M3 -O M> ® 

® ft ’ft 



p ^ 

— I »x m 

ft ft jft 

X 

* * 1 

* 1 • * 

.... 




j • a 

a a a 


j 





1 w 

1 

t 

> •*> — X O O' 

O OO 


—O' 

n ® o 0 * 

1 

x a ® 



X kJ 


* •» • 

Q- u 

OOO X M3 •© 

O' — CO 



1 • UJ 

- <N 4 4 — vft 

O' X X 

a -I 

®® 

> O' ' O O' 

O ft X 



> ft 

O' O' ® X ® X 

M> X O 

u. X 

XX 

s. ® O' ® 

® XX 



> N 

u X X to Q O' 

>00 

u. < 

• •; 

• •> • • 




1 X 


j M 

Ul X 

j 


1 



r ■>. 

j I 

in T « T ffl 4 

— 'x !o 

ft 

f 

0 0 

I 

o 0 0 0 

0 OO 



!— u 

9 9 , m 

0 

0 0 

0000 

OOO 



« UJ 

> ® X ® l ® x 

0 xft 

M J 

OOO OOO 

OOO 



*• ft 

M3 O O X X — 

O 0 . as 

I M 

0 0 

0 0,0 0 

OOO 



l> *s. 

X Xft ft ft -o 

M3 ft ift 

i 

U. X 


• • 

9 9 9 



1 


u. 0 


i 

i 



I *•- 

i s 

x as n Ift M3 

- o ! x 

Ul X 

0 0 

0000 

OOO 



CM UJ 

I— > x -O O' — o 

X ft ft 

Ok 

0 0 

0 00 0 

OOO 



t UJ 


9 9-9 

a -1 

0 0 

0 00 0 

OOO 



» ** 

p x — o x x 

O* — ft 

U. M 

OOO OOO 

OOO 



t® 13 

ft ftft ft ft ft 

ft 4 M> 

U. X 

♦ • 

• * 

• ♦ * 



1 ^ 

j : 


uj q 

. 





1 •“ 

1 1 

o x !x m — x 

. 1 

m> x :x 

X 

X X 

ft ®o- — 

® ® ® 



— Ul 

fr ft o «n in 

o-o® 

*v 

ox 

® X ft X 

ft ® O 



!i uj 



X - 

ft lft ft ® ® ® 

K 4 N 



;• tc 

to o- ;x ® — o 

ft ® — 

O oi 

O' 0 

> O' O' O' 

O' O' O' 



laa o 

— aia in n 

ft ftX 

0 £U 

• • 

• »: • • 




] UJ 

1 1 i 

1 

, 


i 




o 

- t in ® xx 


, 







— M3 ® 

Q_ LJl© X 

x co ft 

® — O' 



1 w 

ft ® ft ft n t 

ft X ® 

1 _< M3 M3 ft M3 ft as 

ftft® 



X Ul 


9 9 9 

in — 

ft ft 

ft — — — 

X ft X 



1 X 

0 ft X 1 

-mm 

ft u. 

0 0 

0000 

OOO 



CO o 

alia 

■ 8 

0 0 

• • 

• *i • • 

• t • 



Ui 

1 I 

1 

_J CJC 


i 




o 

• 1 

— rn X x ft O' 

I 

tx x 0 

a. 

0 - 

ft as 

co X — X 

X ® ® 



UJ 

4 o o n in n 

XXX 

1 

ft _i 

XMJIAXXXO X ft 



f— UJ 

• ••••• 

9 9 9 

ft ft 

ft — — X 

ft ft ft 



!• X 

M3 — O' M> X — 

ft 4 .® 

ft < 

to 0 

0 00 0 

0.0 0 



CO 13 

ft ft X X X X 

tr x x 

O X 

• * 

9 9 ' 9 9 

9 m. 9 



1 ^ 

| j 


— * 0 


1 




j o 

I- 1 

i 

X 


1 

1 l 



j 

o x ft tn O' ® 

ft X ® 

1 CD 

0 ft 

ft x co O 

® — ft 



CM kJ 

• •. • • • • 

• • • 

> 1 

O' 0 

O M3 X O' 

— O O' 



: a uj 

— O' — ftx ft 

— M» X 

'■< 

© M) 

ft M3 ft •© 

— ft X 



□ ft 

^ X IN t 

«*• 

13 

— • — * 

— OOO 

*9 ~ 



> V 

a ■ 1 a 

; a 

Ui 

• # 

• •> • * 

9 9 9 



X 


J 

! z 


J 




w 

•4 ■ 1 

n o ;n ms — m> 

; 

Jpw « V 

* 0 

1 

as x 

0 x ® x 

O X X 



— VJ 

9 9\ 9 > 9 9-9 


i Ul 

X ® 

0 x as x 

OOO 



a uj 

ft x O' ® ; ft as 

0 — 0 

: ■< 

OX 

4 O': ® O' 

ft X 0 

1 


O ft 

X X O' X O M3 

O O O' 

Ik 

M3 ft 

ft X X X 

ftft® 

Cl *- 

® 

|> v. 

4 ® ft ft X X 

Ix XjX 

i 1 

• • 

• 9 9m 

9 9 9 

1 W 

— 

X 



i Q 


I 

; 

U _j 

oa ♦ 

U. 

l 1 


1 ' 




u z 

ft 


x x x o o ft 

'ft — ^ 

: as 

XM3 

x xft as 

— — 0 

Ul — 

® 

X kJ 

• * • 

'■ a 

ft 0 

O X M) x 

ft 0 - X 



i a w 

X ft X — M) X 

1 ft M> O 

! ■< V 

0 0 

OOO — 

X ft X 

a 

X 

ix m 

X ® ® X — — 

lo 4 ft 

13 lw 

1 0 0 

0000 

OOO 

M fr- 

X 

V. 

[XX X ft ft ft 

ix X X 

Ui O 

• • 

• •; * ♦ 

• • • 

!• uj 

• 

X 

i 

I x 1 




! u _i 

at x 

1 u - 

• i i 

1 . 

1 0 ft 

i 

1 


u z 

CO 

1 

p x x o — x 

V® ft 0 * 



kfl X CO X 

■T ® 

UJ - 


U VJ 


s • • * 

or u 

!xo 

ft CD ® — 

! — — x 



!i uj 

ix O' ‘ft ft X — 

ft X ft 

Ul UJ 

J * • 

• 9 9 9 

l 9 9 9 

I 

!o *~ 

X 

!x ft 

|X ® O X ft ft 

1 ® 4 ft 

m a 

0 ft 

X — ft x 

1 X ft ® 

X 

{» v. 

X X ft ft ft ft 

;x X ,x 

X <344 

~© ft X X 


\ & UJ 

O' 

! X 

i 

:< U 



jx X X 


ft 

u_ 

i | 

! 

< kJ C 

i 

1 


0 z 

- • 


O ® O o O ft 

iM3 X ® 


Jxx 

O' 0 ft — 

ft — ® 

a. — 

— 

• kJ 


* • • * 

i U 

• —X 

X XX ® o- ox 



CM UJ 

O ft X — MJ X 

Ift •© 0 

: Z UJ 

i • • 

* • • 

9 9 9 



i • in co co ® x — — 

0 M3 ft 

or Kinx 

X ft X — 

ft ® O 

0 X 

• 

\-> M. 

jx X j X ft ft ft 

fx X X 

3 e» M3 A 

ft XXX 

1 X X ft 

X UJ 


1 X 


s X u 


j 

| ; 

x _j 


1 - U 

•) . 

1 1 

i c 

N 

\ 


0 z 

• 


O' x x ox® 

X — ft 

i 

[O' ft 

X Oft X 

O- ® ft 

x — 

— 1 

: o 


1 • » • 

1 uj,® x 

— — ft M» 

‘x — X 



— ui >® »nx®x® 

oft® 

' > UJ; • • 

• »1 » • 

; • • • 


kJ ft i 

! a ft o x ® ft x o 

GO X ft 

:uj or . x a 

ft n[cd ® 

X X O' 

.00 X 

Ul fti 

l> ^ 

! X 

K© X X X X X 

•M> ® j® 

ra - 

^ 1 

1 - - 

CE UJ 

: 0 _* 

[ft •! 

>. O' ’ 

1 u 

• i 

1 : 

! 0 

\ 


! U Z 

x ft; 


to ® ft ® X M3 

!© O* X 


.Oft 

X 'O X — 

0 * — ft 

j* ~ 

tfl — 

ix 

M3 O ® ® X ® 

X ft O 

; x uj 

i® ft 

O O' 'O 0 

. — O' ® 

1 I 

-J 1 

1 1 

ft O' X X M3 — 

!— X IX 

u u 


• 9 9 9 




!< 

• • • • • 

>'• • * • 

; z or <n x 

ft ft;® as 

. X X ft 

!cr x 

•’ 


O' O' O X X X 

;o 0*1 0 

i— u 

1 

i 1 

l — — — 

i OC Ul 

X O 


— — X XX X 

In x, ft 


1 


r 

;o ji 4 

jo z 

! 

1 c 

1 

1 

1 

kJ z 

<r ® 


— ft X O' ® « 

fx cn ^3 


,0* X 

ft 0 ft ft 

; x x 0 

z — 

® 

w 

ft -© M) ft ® X 

XX — 

ft u 

0 ft 

— ft O X 

1® ft. — 



i a 

\<b M) ft X — O' 

;0 ® ft 

uy • • 

•9 . 9 9> 4 

• mi - • 



:< • 

• 

>• » » • 

z cc. — 1 

j X X •> 

ift ®[x 




X ® O' — X 4 

O O O 

- k3j 

j 1 




o z 

— — —XXX 

X xft 

1 

i ^ 

1 




«— 

i 1 

1 O 

i l 

1 



7: 



2 






< 


in 0 in 

< 

'I in C 

in 0 O C 

in O ft 



(X 

— — «n r~ 

00 O O' 

^ — 

— m m r 

» On C\ 



: / 1 



iO 














235 


m N N C 9 ^ MO 

I * • ' • • I ♦ • 1 • 

;o n ► ifl K — !x 
- x — o o h- o X 
Nco b om> 


o a- ix in in — >o 

i r- O co »■ n o X 

’ :T tit 4 N KO O ^ 

' ix lit U O' N- — !x 

O X X X X O' So 

i r' i o t - Nin 

i ;— — n x t y 

;» * * • i* 


0 t w i/i m — x 
i x x oo O' n o x 

:r ift -o N CO O' X 

1 • : i i i • ! i 

; i 

»• — m x i/i o ! n 

I ‘— 01*0 O m XX 
■ n o <o irt -o mm 
X iA iA X 4-0 -4 


n -i«!n 
x b- -o x 

. X p 4,4 

i m im m m 


U-» o x in to 
o o ! tfl m x 

lx 4 4 MO 


ntrt N |0 

~ | X O' : - 

o- So o o 


n m — o 
x O no 'in 
X o o x 
4 4 


> O <0 N 4 4 43 m 

‘ t f ‘ ’ 1 

TON «|\ N Jl Ulj 
— x X x a- rsi x — | 


n in «n|r 

N yO 
T X T,T 
J 1 l/l l/> l/l 


jx P. -O CP — X jX - *■ 


Jin x ;x ® o 

. UilA 4 i/l O- o 

— tin ® -x -o -o 

3 -ix X CO O' O' 

C* r ? 

[O' -O O to O' 
i [ O' o — a- O' 


O' O' — ix 
t rt rt »(i 
~c Ip* w o 
o* 1 ® ® x 


x x 'O — 
O' x x ,x 
>0 <0 x;x 

• O' 4 ® N 


i O' — m x Jo o* «A 

N IM 4 T O 0 4 


IN tAX X X X ® O lA 
CO — -O 4 J1 o|r N 4 
— N CD <fl N ifl 4 -fll/l T 
» ox a- a- x x x ; x x x 


ui o x <-* in a — i® x — 

_/ X X O cl 4> X } m lA — 

m 'n — — o o o I in n x 

U O 0.0 O O O O 0.0 

o • • * • • *i • • • 


I o o o o ]o o o 
0 0 0 0)000 


I T N 4 > |rt P T 

— co <n in | n in <► 
— O — • iA >4 N 4 
X X iA X Ix X X 


i a o o o ; o o o 


-0-0 0 X ! O CO <N 
) PS. — IN O j®. O O' 

i O' co in x | —O' -o 
in in in in ax x x 


— x m ox « x 

t •**•}**• 

4 O a O- <D N 4 
I O -O CO CO ;<s CD CO 

i in in in in ! in in tit 


. in x m — I o x x 

O' — mm jin — n 
i in x m — ’O' «o 4 

- » ©N N |4 4 4 

-N O o!o.« N. 


X O CD O' © N 4 

i n 4 ffl co co co co 

i in in iA tA ; tA sA t/l 


□ J) © IN iA — ' in -O — 

in x O m « x n O' in 
_J <N — — OOOlNrtX 

< □ oo oo o 1 o o o 


j x — OiQ in o [<4 tfl 4 

< X O ® <P O Ut} — ® X 

!— N T — rn INiO TN 
OOOOOj— — 

! ! 

o x m x in a » 1 x 'O — 

jm n n © a m . n x x 

j in — xx — o> j *n x in 
•in mm xin x i lO mm 


I ps — in co c 

I ON 40 I 

I o o o o 

I o o O O i 


) N N 44 < 
I 4 NP OC 

t • • • • 

i O x x a t 
4 J» T A 


I 

— W J 
< W H 

^ u. ; 

- 


1 O K IN X m ININ 1 — 
- n © n p — |m 

4 4 4 ca O X O' 


i p— IniNtrx iNp'lm 

•j w ! • *|* * * * * • | • 

— uiio«Nlmxi— mbo co x 

I W ^ N in X IN CO O IN 
DNfll/l|fl 4 p« 33 X 

to. I ‘ t 

I # JIWJ>|(1rtn 4!N 

INU • •!* • • *| • 

I U Ifl 4 DA kfio n. N h 

- mmiNxxxx® — so 
a \ fO -0 4 4 S 4 O X X 

rt ' •!• •!••••[• 

o x m — M > x K 

— U • »<• • l • • • • j • 

i uijin— ! x or-****ox,— 
• mxomxLftcopmx 
on.——! i in m x xx 

:*!: I i* ' ' 'i 1 

N 4U> nna irt x'o 
in u » •! * * , • • • 

I W 4 <fi A O n 4 O X X 

- Ifl r4 40 04 mpsPsO 

> n. m ® co x X o jo o !— 

i cl, . i - r" s " 

* n 47 iflN OfNift O 


3 X N O — — kn m ,-4 

» x so — . x o n n:t 
p.r'cocoxb'XX 


• A N H lA|A 

O N 0 S X j— 

•NA 4 O © 4 

i m m in *o -o !<o 


— x cox r co xa*iX 

— ONrtf* — ® 1-0 

A iA Ut iA p lA lA T jT 

n-oL— Jt^OA'l'O 

4 4 I® in j- X iA IN CO 
OX <£> Jtp « ps-o x 
p) N h- N N 4 4 4 j4 


- CM • • •. • • • *| • 

I I Lij l«A CD X in — X |fN X X 

• in |fs. do x m <o x La a a 

!> Sin iA® 4 4 N ^ N p. 

! s| ! I i 

O' 4 .4 o O o A iA© 

IN IU i— ® X IN <M X O -4 

: • ui • • 1 • * • 

- ©^« 4 ®NT[ 40 O 
CD VDtX X X X lA lA iA iA -O 

1 uj •; : i i 

C 2 >[ i 

!o m m to m <n m o >o 
U T (S N — -©ffljx in 4 

| LJ * * * • • • • • • 

• rc'-oxiiAco— ox-oao 

©13-1 l iiNmmmm 

oi* i ! j 

XX®— IN rt*sO lA — 
uj oiA — o<dxx om 

IN UI ;•••»• •••.• 

I KT - — — I — I A 
©Oil i t I I I 


) N T 4 [O X J A m j IN 
I N '« fv 4 -O I — *A | CD 
GO jN AX IN j CO ® I X 
■ P-. CO X X X « In jpi. 


► OOOO O OO'O 
3 0(0 o o 0|0 0|0 
3 0 0 0 0 0;0 O; O 

lo ooio 0:000 


O O o o o O' O o! o 
looooo o o o> O 
_i jo o o o o o o a o 
< 00 ( 00-0 o o oo 


|o a x n ;n mjoxiA 

. p> © N © i— O j-O — iA 

I - IT T 4 © <► X j© N 4 

3 o X X X x x XjXX x 


»— 04 T © 4 N 

ui m in m o x to \n no 

— UI i » •> • • 4 •! * • • 

I !T N 9- N N P » 4 © O' 

® O m T T T a A A A A 

ol : • i 

l — m in x ox® xm 

N U ; • • • • * • * • • 

lUJIN'OINOXXX I — 
OlAX— — — •— A 

> n.{ « ■ • • . i : i 


n lN O — - A O-A © -X 

— . l_/ - w • • • • ■ • *f • • m 

t U<N A « N O X IPS' © s 

Q in — N X -C X Tjin 4 4 

> N. Tv X X lA x X X x,x 

i tl ! ! I 

|X — X O X N - N O 
N Ui • * • • ••••• 
» UJ cc X® o — 4 i© x — 
xin«®oiNXxx xx 

X N. *n lAXX lAlA |iA lA lA 


!m ® x x — ojx m — 

vi : •' • • • • • * • 

I UI OXX® AO- |X XX 
X IA lA x X N A lAj— x X 

> sun in in 4 ® -©ho mm 


<N UJ O X ® o —43® XIN 
I W .<► # O N O’ >o* XX 
,> N ifl m X X m iAi iA in lA 


! — X x ® X IN X — ® 
u • » i • • *1 3 * • 

— Ui o®oxo®'xxin 
I IA o®®x OX;Xmx 
> N. 'x ®«®®xxxx 


. in ps x m|« x x 

• 4 > © «j^>X 'X 

» IN a o — I — m T 
J o o o o[o o o 


I iX ® X X I® — — 

X X 08 — [co O IN 
I .IN o O — i — X lA 
> o o =o Ol O O o 


> X a- IN X O — — 

■ —x'o in m o o 
a 'a m I m — x 

— O o OjO - — 


® ! — m kn — j® m x | 
• IN | m A;A X lx X O 
4 — : ® X (X N| NP <N > 

i in :*r x ix xxx^m 


• X X lA Iai —I® o x 

3000 — — mo — 
3 0 o o o o! o — — 
30 00 0 O OO O 

i i i 

. o *a a- ® x x m m 

- x m x ® o — — ai 


m in — m n x© x 
i 4 |4 © x | x x | x 


>xxm'iN x ' o — m 
® m o x x; — m m 


1 T T ;A A I 

I I 

i 'x x b- m a 


x x x m'x m o 
x m — x ;x m m 


— j X X 

O 2 { 

“I ' 


m ® x ® ! — x ® 

A © A « :X — O 
X X — X JX X X 

x x m x i ® x o 

— — x x x x m 

— x m Tin n in 
xxxmxo— 
m x x x i m x x 


x x x x 
i x o x x 


x x x m m ® x om 
,m uj ® ® — —x — x x m 
u u- •••»•• • 

z K N - - I XXXX 

— o i •; i 

UI j I ' 


® ® m ® x x :o x x 
;xo®xx® xmo 

,A X XXX — X X 


1 — m xx x ® • x mx 

— ’m®xm«xxx — 
a xxmx—xxxm 
< •••••»••• 

— x ® x — xx®xo 
o z — — — x xxx x m 


I : — — — X X 


o »n m'x o m x x 
> o ox x ® x o m 


i m x — .x m x x x 


O <0 


^« 0 «C 00 v. Om 
Cu < -«-n©p{CC'C' 
VI 


< 40 m 000 m 0 »n 

p. nnn©pnoiOi 

m 


236 


NenRR WcORR TO/TO RO/pO EFp'«*o IFF 
■ J.NlET. INlCT inlet INLET I Mi ET | N| 
RPM LBH/SEC 2 * 

7025 . 165.53 1,1231 1,1367 88 , 3 ? 88 , 



W) 

% 

6 

T 3 

0> 

15 

<D 


tx 

o 

a 

+■> 

t /5 

13 

.S 

e 

o 

£ 

* 

Pu 

■+-* 

a 


c 

D 

& 

•pH 

CD 

O 

c 

aj 

S 

t-H 

o 


Plh 


> 

X 

jD 

3 

cd 

H 


:* in 

r*i 


it u 
> to 

0 "n 
:>• »— 

1 w 


^3 

•I 3 

Q 

o' 

*o 

Os 


\ - 


;(3 U.TT 


I I < 

a i 


— uj t- t 


r k 


i ‘ 

N Im ® 

k 

Ps 

o 1 


i • 

• 9 • 

• 

• 

• P« 

M k 

o 

cm O' to 

k 


k ;i 

C — 

T 

— O OI 

k 

O 

^ t 

r in 

r 

k f" CO 

0 

O' 

P 3 

in 

L 

O' 

UNO 

c 

d 

PM 


• * 



• 

• - 

to co 

o 

T CM to 

n 

M 

|k 

□ Cl 

C' 

k co O' 

s» 

O 

CM P 

r t 

to 

1 

to k rs 

0 

O' 

> ja 

k Cl 

1 

to 

1 

— — o 

-» 

to 

k 



♦ ■ • • 




k o 

r> 

t to ® 

3 

P» 

" fw 

O' — 

in 

K — 

V 

t« 

r* !• 

M CM 


— d 

n 

d 

T p 


i 

!• • 

l 

• 

• 1 

in 

O' 

to o 

► 

d 

^ | 



•1 * * 


« 


n co 

o 

to cm to 

to 

M 

k t- 

O "l 

!>• 

k CO O' 


O PM il 

T T 

:to 

to k fs 

o 

O' 

O' 

I' 1 

1 • 

I I 1 

l 

1 

• 


1 — 

to to to 

d 

O' 

1 

*o CM 

CM 

dK O 

to 

d:<o ii 

o co 

k 

CM d O' 

P 

CD CO ill 

k in 

to 

i 

to to to 

I 

n 

to ’to L 

1 

CO ry 

O 

to O' — 

V 

o Ip i 

i • * 



• 

• 

* ' 

•k k 

to 

ps co to 

— 

d 

d 1 m 

T 

f" 

to to to 

CM 

T 

k | 

to k 

k 

I"- CD O' 

O 

O 

O L 


i 

j 

** 

— 

— li 

1 — in 

i 

|«1 

to O to 

k 

to 

o r 

k — 

CO 

to O' to 

in 

to CM !< 



* • • 


• 


O' — 

to 

« CO cm 

po 

— 

tn l 

CM CM 

* 1 

; • 

— d 

d 

to 

to i 

in n 

Id 

d to d 

O 

CD 

CM ! 

rv 

CM 

CM k to 

to 

C*. 

to " 






• CV 

CM 

T 

CO CM k 

P 

O' 

o < 

| TT 

T 

to to to 

n 

to 

^ i‘ 

MM CM 

CO 

O co to 

d 

PS. 

o ii 

to CM 

o 

rs. to to 

n 

k 

to 

• • 

• 

• • • 

• 

• 

• i 

k o 

PM 

O' k to 


O' 

o u 

in n 

i 

to 

to to to 

to 

to 

to C 

1 

o o 

O 

o o' O 

O 

! 1 

OO if 

o o 

O 

OO o 

o 

o 

O 1 

i 

i 

1 

• • • 

i 

i 

j 

« 


• l 

f 

j— O' 

■o 

a> — <o 

k 

d 

to ! 

1 • • 

• • 

• • * 

* 

♦ 

• i 

O' k 

to 

k to p» 


to co * 

[O CM 

O' 

— d co 

3 

mm 

O L 

K N 

k 

k to to 

to 

to to U 

i < 

a o 

o 

do o 

O 

o 

° 1 


i 

1 

i 

1 

1 

i 



• [ 
ii 

i: 

co rt 

k 

-J— to 

P* 

ps 

k 

i * • 

• 

• • •! 



• 

i — rl 

o 

n® n 

to 

k 

to 

CM T 

T 

CM O O' | 

k 

d 

mm 

to Ul 

i 

I 

to 

to to to I 

to 

to 

to u 

i 

< 

to k 

k 

to’— to 

CM 

<p 

k ; 



• • • 1 


♦ 

• * 

to t 

Cl 

to — P" 

k 

to 

d b 

k r* 

tx> 

a CM CM 

CM 

PM 

CM 

,T T 

i 

.to 

to to to 

to 

to 

to 

f 

join 

Cs. 

CO O' co 

CM 

P" 

o 1 



• V * 




k Cs 

O' 

OP k 

«0 

to k 2 

T O 

r» 

O d O' 

CD 

P» to C 

joo 

1 

to 

! 

ON 4 

j 

k 

k 

r 

to k 

k 

to — to 

CM 

o> 

t ! 

T T 

d 

to — r*. ! 

-» 

to 

n 

k Is 

co 

O CM CM 

CM 

CM 

PM b 

T T 

l 

T 

to to to 

to 

to to 4 

1 

Ul rl 

to 

ON 9 


P». 

. 1 

k in 

d 

to d co 

T 

mm 

o 

;Ok 

k 

O' i— CM 

*k 

to 

<M il 




f • 

• 

• 2 

ik k 

PS 

O' d k 

to 

O* 

a - 

— 


— CM CM 


CM 

° i 

to k 


c^d to 

!d 

dto 

cl o 

k 

cm r- d 

p' 

O 

— i 

CM O 

d 

to fM O' 

‘to 

to 

CM 


in ca h 

p- N O 
{n in to 

• i * 


p to fr * 
— (► ’ 
k o r- < 
in in k ' 


h- d N 
in x x 
in — ® 
to <c N 


O tM I 
ui d ■ 
k K 


T X 
® X 

~-F 


k x fcr 
p d rM 
d to 
to to 


*r« 


p- in •**» 
>o aj ,o 
}— k r" 
fr fv ® 


u 

r- 

to 

x x x 


*»F* 

* p 

T IT 




T |— ® |d 

x p k In 
n x 
► O' 

1 ’ 

iAN k X 

o- « N r 

o X ® k 
k in in in 


CM bo -0 T 
— O O' 
co to to ^ 
TT TT 


N|iA 
_ no® jk 

d [in njn o;n 
o o ^ to x x 


oo <x in go 

i «\ 

i 


— n t in _ _ 

oz — — — — nn,m «n 


O 

& 


C- — — 




?r- 

. p 


CM A*" k id oo 

N O* CO O J1 

to «n k !-o T 

o o o ,o x 


T d ;CM 
O CO ,CM 

h° -x 
so co x 


l 


n|o n 
x OP' co 

T 4 K SO T 
X X X X X 


| I 

o to d to t 

o k in jk i 

Ml ^ N K ( 
T ,T TT 

• I • *! • 


— cm -t 
J co ® n 
fk CM o 


T to k 
— in in 

o o* a> 
in t ,?r 


. w k 
—I fM 

— r» 
w o 

?l • 


v> <p 

o ►- - 

t°L 


— -o d O' d n cm co 

O T CO i/I o I - — T 

cvi o o o n t t 

ooooolooo 


! i I 5 

x x <o :sr k !d m x 
o in — o ;r X x o 

PM — — — — d t in 

o o o a o'o o o 


! i 

or x x cm o j t 
O O T N rt N sou 
or* t «1 I/I k K O 

— o o o o ;— — o* 


o| 1 j 


to in o in k o 

— x It cm cm ^ 

k !CM d ik T 

p d t in in in 


— r» ‘ — J id co 

— TO- I * U 
P* — • — 

to k k Q- ►- 


i : 

to o o n ' — t — « co 
[— *n k n o o ’cm n n 
: o a “ 

’O o 

t; 


I — " ■ * " " " ■ ' 

ve o o o — — — ; cm cm cm 
i U O O O 0.0 o, o o o 


,o k CM 
k o in 


. . ... . O T 

Jj« r>> o- o- O' 

u I • • j • • • • - ~ _ _ 

J OC O in |CM CM CO k O' « N 

: or" k k in «*» cm’— — — 

; of j i M 

b- O|<0 N : JI iA T — cm 
yK ® o k r>* co t cm n 

td I * m ' • • • *! • * * 

: ko n o co ♦*» nOViA 
3 isis kik r;n cm; cm — — 
Ul I j { i 

o! ! I 

T O' CM O k — ;C0 in O' 
uj co t oo k co T.cntMo- 

> ».l ■ m • j • • i • • ‘ • • • 

) OC k O' O (M n CM to O' o 

l oj - — — -t i — 

si 1 I 

to m — oto n - n < 
: uj o ktoino* <n , cm o 

» ui j • * ; • » • •] • • • 

a k rs to k to o 'O' o- co 

- oi i i 

si! 

<noOkkinkco — 
i uj o o ® co o- — in in t 


11 V 


o >~ 

CLUJ 
-» 
! O 2 
: o. — 


z a i 

- o| 


O O O vr> O m 
n tn f' oo o C 


2 

< i 

a- 

m 


— — cm n> tn j in in to 


OmOOOmO»n 

— — . n vi h oo ci o 


O 

13 

M— 

CO 



1 1 

■v CM O' k d d 

* ~ 

► 


P d T CM x to 

-X 

d 


O 

• • ■ • • « • 

• • 

• 

I'M 

n d CM CD 

x o 

co k 

X 


fM Ul 

n O P. CM jo d 

CM PM 


| 

- cm i— to :a k 

CO ® 

— ■ 


:» to 

P — CM to to Cl 

> — 

d 

ft 

K p 

• • * • • 

! 

ED to 

■D ® 

X 


!=> ^ 

n k k -op® 

CO X IP 

i 

X 

ft ft 

• • 

• 


u. 





l 






1 — to CM » T 

— X 



1 P» D d 

03 O 

o CD 

to 


1 o 


• • 


wm 

M O — X 

k to 

to OX 


— UJ 

Sa CM d X j.- to 

tt> to 

X 

i 

to k f" X ' 

to X 

X to 

X 


, 1 to 

n X O' to *T CM 

to o 

CM 

ft 

b- to to x 

to to 

to to 

to 


3 S 

in to to k p ® 

W X 

X 

r 

• • ! • • 

• • 

ft • 

• 


P- 





! 





bw 

1 




! 






T 00 □ to k P" 

(to to 

to 


P to □ 

— mm 

to X 

d 


CM O 

• • 1 • * . • * 

• • 

• 


p - T p. 

CM k 

O to 

X 


t UJ 

p to k — co co 

p O d 

N 

1 to to ps. 

P" k 

v to 

CM 


>» in 

n in t to to d 

" o 

to 

1 

r to to to 

to to 

to to 

to 


O 'v 

O k k M p « 

33 X 

P 

X 

ft ft 1 ft ft 

ft ft 

ft • 

ft 


> p- 

til III 

1 1 

l 


i 





i .it. 

i !• ■ 










— to T d o k 

O 3 

CO 


o CM in CM 

— X 

<D P" 

k 


— u 


• • 

• 


fr — ;d — 

— CO 

to d 

a> 


1 UJ 

k to co CM o — 

» (O 

CM 


in to Id — 

CO to 

to T 

PM 


- . to 

to co n ® dto 

® X 

CM 

1 

■N Cv X' P" 

k k 

k k 

k 


O 'v 

-• I p n 

d ip 


V 

• ft • • ft 


ft ft 

• 


> p- 

1 I 

1 1 

■ 


j 





u_ 





! 






x co to x rv x 

X k 

O 


to ® to k 

X O 

cm d 

o 


iCM U 

» • • • 

* • 

• 

CL U CM ffl to k 03 o 

fM to 

CD 


1 UJ 

— k to k T X 

k o 

X 

I — 

ON.OO 

CM O 

to k 

to 


- to 

d d CM X ,rl <P 

d to 

p" 

U. X 

co ® to X 

X X 

tD P" 

X 


> \ 

30 CO CO CO CP O' 

O Q 

o 

u < 

• • i • • 

• • 

• * 

ft 


p- 


— — 

<— « 

UJ X 






t 




m 






■ 

— CD to k CO to 

k X 

to 


o o o o :o o 

o o 

O 


— o 


• ♦ 

• o 

0 0.00 

o o 

o c. 

o 


1 UJ 

k k CP d O' X 

X' X 

® 

< _J 

o o o o 

o o 

o o 

o 


*■ to O' — CM k — P" 

x k 

k 

l < 

o o o o 

o o 

o o 

o 


:> 

cr to to to k k 

ko k 

k 

U X 

• • ! • • 

ft ft 

ft ft 

ft 


p- 

1 


iU o 

| 





) U- 

: : 



Ui X 







to O' X — T — 

CM — 

d 


o o ’o o 

o o 

o oo 


eg UJ 

T T T O CM CM 

O X 

— 

£L 

o o o o 

o o 

o o 

o 


: 1 UJ 


• 9 

ft 

1 J 

0 0-00 

o o 

o o o 


• OC 

<M — — — T X 

ao x 

IM 

u <t 

0 0,00 

o o 

o O 

o 


: CO C3 

to to to to to to 

to to k 

u X 

• • 

ft ft 

ft ft 

ft 


UJ 




Ul o 

! 





o I 



X 







to to x O' CD x 

CM X 

d 


to cc to O 

X X 

to to 

d 


— UJ 

dto— d r» eg 

® k 

CM 

X 

— — C^ d 

CO to 

X k 

to 


1 Ul 


• • 

ft 

Kt - 

in k m <o 

<0 CO 

X k 

k 


* ce 

co O' to to — — 

to k 

X 

O O X X X X 

X X 

X X 

X 


to IT 

— 1 1 CM d 

d d 

d 

c. a. 

• ft : ft ft 

ft ft 

ft • 

ft 


Ul 

1 









o 











O' O' — CM 3 - X 

»x x 

CO 

a. ui 

cc to to go 

X — 

CO X 

X 


UJ 

d cc O — CM to 

d CM 

to 

■ j <N ® dto 

O p" 

rM k X 


CM UJ 

• • • * • • 

• • 

ft 

to — 

n cm o — 

mrn mm 

CM d 

d 


1 1 OC 

P" to CM It 

—+ mo 

CM 

to u. 

o o o o 

o o 

O O O 


.m 13 

1 1 1 


1 

o o 

ft ft ; ft ft 

ft ft 

• • 

ft 


1 UJ 




— 1 *x 






1 ■ ° 




CL| 





1 

CM T CM <0 CM O 

to X 

k 

CL 

a> x x k 

to X 

— CM d 


i Ul 

m CM — CD k d 

<o to 

d 

1 

d a) d to 

*M X 

PM O to 


j— UJ 


• • 

ft 

to _j d cm d — 

mm mm 

d to 

to 


1 I cc 

k CM O to — O' 

— d 

to 

to < 

O O O O 

o o 

O O O 


IS *n to to to Td 

to to 

to 

O X 

• • , • • 

ft ft 

ft • 

• 


i UJ 




— J O 

i 





o 




X 







x to — —dto 

CM CO 

X 

m 

x x to k 

to to 

IM O to 


CM VJ 

• * • • • » 

• * 

ft 

i 

cm to — x 

CM X 

O co 

® 


1 UJ 

to to co — cm to 

d — 

— 

k 

to eg to to 

to to 

X d 

to 


O to 

k T — II 

— mm 

CM 

o 

r - - o 

o o 

o — 



> N. 

III 


1 

UJ 

• • • • 

ft ft 

ft • 

• 


P- 




X 






U 




o 







T k O O' T to 

CM X 

to 


to k CM X 

X k 1 CM O to 


w 


• • 

ft 

U 

to O (D to 

to C- 

X X 

to ; 


1 1 u 

kxcMT— d; 00 ' 

k 

k 

X k to X 

to cr 

x d X I 


o to 

O to d x — x 

o o 

O 

u 

to to to to 

to to 

to to to i (L *- 

X 

: >• "S. 

x k k to to T 

to to 

to 

1 

ft ft ft ft 

ft ft 

ft • 

* j I UJ 

X 

P” 




a 

, . : 



U. _J 

tft • 

u 








U. 2 

k 


co — to k eg d 

CM X 

to 

to 

d to k — 

d O 

CM — 

X |UJ — 

« 

CM W 


• • 

ft 

i 

to - — d 

k cc 

k X 

mm j 


: 1 UJ 

k — x — k o o- — 

to 

k V 

o o O o 

O o; cm d 

to ! O 

o 

r in 

O cm — to to to 

to CM 

O 

13 U O O O O 

o o 

o o o :•* p* 

d 

> N 

to to to to to to 

to to 

to 

UJ o 

ft ft ft ft 

ft ft 


. jl UJ 

• 

»- 




X I 




: u — j 

t* k 

i • U 




o to i 




a> 


x.dO to to O XP to 

X 


— — to ao 

to to 

d k d ,UI — 


1— u> 

• • • • • * 

• ft 

ft 

OC UJ 

to X to co x O 

— « 



: 1 UJ 

o O' co x to O' 

tp»- to 

X 

UJ UJ 

■ • * . • « 

ft ft 

• • 


IM 

T. to 

x O eg to x X 

to d 


03 cr 

X to CM — 

d CM 

to to k ' O P* 

X 

> X 

to to to to to to 

.to to 

to 

X. to k k k to 

to to 

tr tr 

to a. uj 

to 

p- 


i 


k UJ 




:>n _J 

to 

u 


1 


;o o 

1 



! -0 2 

• 


— O CD k CM to 

'to ® 

X 


— n d k 

k t" 

— O to ft. — 

— 

o 


• * 

ft 

UJ 

x — — X 

® ® 

tod® 


CM UJ 

— dto — k O O' — 

to 

2 UJ 

ft ft ft ft 

ft • 

ft ft • 

— 

1 to 

— CM — to to to 

• to CM 

o 

cr cr 

d x CM to 

— X 

o PM k OP- 

X 

> X. 

to to to to m to 

to to 

to 

33 O k to to to 

to d 

to to 

to p- ui 

CM 

p- 




P- UJ 




- X _J 

— 

. U. 


! 


o 




O 2 

• 


O' O- to ® o — 

d to 

to 


■— co x to 

d x 

to O d .X — 

— 

U 

• » • • « • 

ft ft 

ft 

UJ 

Q dk k 

to to 

to X 



— UJ 

CD — d Ox® 

x X 

to 

>w 

• • • • 

ft ft 

ft • 

• 

LI — 

i to 

to d CM o k T 

to d 

CM 

uj cr x — d — 

X to 

PM CM X CC 

Ul k ; 

. > X 

® 3 ® ® P P 

X X 

|N* 

o o 

mm mm mm 


rnm mm 

tr uj 

i n •' 





Ul 




O —J 

; pm • 

u 




o 




1 Ul 2 

; r to 


CC tr to ® CM k 

ox 

CM 


o <p d co 

to k 

to to X * — 

! ® — i 

CM 

k o a> k x ® 

CM to 

o 

x uj 

to to pm to 

X cm 

® CD 

X 

i -J 

1 

d O' to cm k — 

— X 

to 

W ui 

ft ft ft ft 


• • 


i i 

< 

• •• • ■ • • • 

ft ft 

• 

2 OC 

d cm d ui 

to k 

to x x cr p- 

*; 

M 

X O' O CM 3- X 

X X 

O 

to 




1 CC UJ 

r to; 

O 2 

— — CM CM CM PM 

CM PM 

d 

UJ 

i i 


1 

O -J 

; a. pm i 



• 


o 

| ; 



Ul 2 

> Oj 


— to CM O' k ® 

to d 

k 


CC P k CO 

k f" 

to X 

to 2 — 

i ^ 1 

M 

to k k d ® PM 

x to 

— 

to uj ® on® 

— k 

to O 

o 


1 

X k d to — X 

x k 

d 

KJ UJ 

■ • •- * • 

ft ft 

• * 

ft 


< 

• • • • * • 

• • 

. • 

2 OC 

1 — 

— « 

CM d d 


M 

X ® X — to k 

oo x 

O 

— toi 





O Z 

— — — CM CM CM 

PM CM 

d 

UJ 

J 





— 




a 






2 




Z 






< 

VJOtoOOOuiO 

> in 

< 

m O v> c 



00 

. — — n oi x 

00 o> 

> Os 

CL r- 

to 

in r* 

00 O'. Os 



co 


237 



| ®f r>* ->n • i*- *o!i 

. lu 4>« • m ♦ . 

-/i rs..- 0 i T » 

• r -o tr x -r ('ir k! 

3 N.I /1 

l pm • , ; 1 

• | Ml. j ! 

j* •O —— •O CT.^'-OP*- to 
; O • • • • . • 

— «*J <© — i/i i r* <n <i • 

■ ■ ^ *>g o • 9 - » .-♦i< , >«f|r 

3 v »* r r ji n <o ■>] ' 

IC‘ ! I ! 

in s <i« r i m #►,' 
r* ki ^ • * fc 

f Ul i-^ -0 t — . , .3 -» i"! -J o <M • 
» m ia* ® »m — <m (M an ji 

■ ON. -tj-.M ?S| . iS-rn,nfl 

»- t t •; * I « I; 

r*- J i I: J I 

1 1 "" —• O- 0 + 0 * <x> 

— o • • 7 » * • M* • • 

• uj — ai rtfstn dp-. »n 

• m f> *'0 »> .4<n'P*ir n|‘ 

as »]r t t/t ms K 

■ »j 1 •. ■ « * f • < 

'•J— *«• >iSlf ,/t » *® * 

n ^ • • » • • . • • • • . 

•' Jj ."**»-» \ j\ .nJ <7 - O |J> 

•' ^ a — — • Lf> rj Lf» J1 

»s 9} a> r«, rs. rj **» rJ p*i 

c j i . f r 

’ 1 “^ r»in< f'< N 

-*u ••••*• • • * 

I UJ — » n ,-» . _ ;y- -O 

• to "v -o ^ g co 3f « to 

>S ^ ^ rs. CO (7 □ -♦*— • -* 

.it I i !Ti 

nu oH (► r>- a> o> <p«n o 
■ 3 4 • « m • • >• • » 

»■- x »■! o ^ • rJ « -i-y i< 

O O N »( ^ -J. O 3» 7" T 

;*s i • • i j ! 

qpk fgno»K O 
— • ui -O: — • J>» n (D ? N S lTI 

» ui * • *• * * i • • * 

• * irt N (O N -o □ fix Ifl 

o ^ ^ r j- </» yp Ji 

! ® i : : i i 

j olt> —* to -o pg 4xn *1 

w «r* «c o r m » tnr>. r '* 

Pig UJ • • m • •• [• • » 

r at a* p* rv •*.<■» oi «* C7 

a vJ 7] T y x 'll Itn rl 


i H 33 

«•• N o x -o a f* <J 

|t -n * x .3 r ir .x J. 0 ,n : 

• ; H ^ ^ -o ,o -d .« .«• 

• JIT •' 

•Ml -O ® ® 7" 1<S yj ^ □ 

| Nl □ ooj a -dcx)C3 

• 1 ■Oir^.P'^CO^.OOO"^’ 

i ]'ri- 1 --j 

j oil oa a n h m a* 

(x - ■os.-naj.^ 

• Q 3 (►: o,^ Jl 


I 'jJ > to N O 

j O Ol Jl Ifl N 

— • ^ O ^*0 r* rn 

• I tA. J) til « 4 « 

jj ♦ •••«• 

i i ' 

X UJ rs ^.dNg^^:; 

• !“•■»•» ® - .3 «i> 

u.' ♦* m — -o »<>. £»■ 
^ < • • • * . • 
ur *- “1 — • ! 

: ** i I ( 

! N < 7 - ^ N ( 

O tw ^ 3) r\ j- ® 

<- -i 3 n n r <n . 

! -<»*]<► »> O »“ • 3» » 


*«; o- .q gr 

OL O® - 

u_ < <^j ^ «u- <?* o' ® J « 

ssrrrri 

'flro»’o-Or|<'1 

^ o-'cjcr. jt rna 3 o » 
jm — "rf>o -n'Xp^Oi^y'^ 

X X 4 . - 

X UJ 
on 

u.qoooaodoa 

00 4*4«#»4,4 

-“*! i ’■ J I 

x nBiinon-jioTi 

1 iiM-NMn^csn] 

in 

in < ctoaoaQdoa 

■ J ° I ! J I 

to nn r ^'inog®a 
g m-v >© 7 ^ <x a ip ® 

< *o aw ® ® o rsj in in j 

vs n '> a o 4 jy m — t 

5 J I ' 1 r 

l H ® t /1 < ® ® c 3 »*y r^< vj 

U Tt*-vO - -< n pJ m ® 91 

«c Ha^(Pn»v7J K (oi f 

u. “♦rx'NnxTTixT - , x > 

° : i i ! J 1 Hi 

00 M7^00P»]7 0*1 UJ • 

t do - r o.;p. W 

«' >£ d □ o oaa— « a 

^uQoaoooda^ < > 
u,; ° i*^* - *i *4 ■in 

o“ I ! i j J t; 

CD » O )*) lTH o <v ujJ . 
t u -o^ «> «> m j 

gj uj •• • ! 

taxOm o *■ 

x '^rvj-o « tn n n - qJ l 

c ' uj i j ] V . 

wo] ! | d; 

j -<® o rxifl: Oru k > x! - 

■ ui -o- a tn‘ rx gj' o »<o -* sr 
I UJ < . • • . t J , 4 j 

ac * x d® tn «-i ® r«*. nil. a col o •- 


d o o o o o oo o 

i uj a a a o o o oo o 

— ui ♦••••* •• m 

• * ; | 

90 

j **J 

! o i < 

**•» T T olcs N 

NW • • m 

g ui >r t n in rv o 

a<P ® m m *x !■■ ■ ng 

® « k -o in J" at x 9\ 


' uo o ddo 


•o 1 o rj ora irtN n 
rj O • • • » • » !•• Ik 

i ui j» a « m -u > iir m 
X l/i i/»ifin» -a ^ <on *• 
>•>«. N|n n> -o -o lt) m in 


^ O < -4 fk.’ -O rfcv *1 
mU •• •• •• •• • 

g uj r m o •• <n a xi -• m' 

r A <>' O <x ifl ^ ^ r^fs. <1 

> V ID; <0 9 « <0 o <0 4 « 
t I ! \ 

|x ( s ! I 

| « g ® n rJ « t <>f 

U dm a • • • )• * m 

rgu — ® o- o o <o jitx in 
t> m in' 1 — *>y. o ^n-i/? -w® o' 
>s a> r» r> -o -o 


d Tin. [► -^^rnoJutad 

«c no^T'nix^nfiJ 

u. “tojNnrrrxr 

I 


d - k •• rto n 
!o - • •• ** »*• m 

••u r'o o' •• n>a r — »* 

| IA ^'O l\MA N N KN 4 


*u® o' ac 1 x d® i/i : n ®‘ rs ex o ® o *— a 
•S'® *o 3 o-o-j, p 7 - u ng 

J. « : ° J O Z • 

n*a> «-» nif, - ;On'r» o® — 

!• • » ! y U) n »! r o n a> n ®i 1 


D J-O i -O i-O o « >«>i 

Mil 


I <s. <0 i 

n -o’ in o go <na o 

f oa «<r «v 


a 4 n r nn ui 

' Jo -f 

i i *>#r» n »• cm it- tflT ng 

■ «i- •• • . • at*, i** i» 

— ’ '•'i r ai ® ng iA co> O 

O x — j — — — ng ng ryng 


CmOviOOOvnOin 
C-, ^ _ n io ^ oo ^ a 


UJ UI r*. T a ®| N a 

»UJ dm « 

uj i x ip. N n n o* n <4 

l-H— H— 

|o i ! 

I to >t> . n •»■ .**!-n ?o \r • 
x u o- o -o -» CD o> r*> 
u u rf. •••.*. »;,*.• i •. W • 
z x — • r>g « n a n r n n 

“iJT. - j I 

O 

\ -* o^rtxt m fs. m 

in 1 ui a'lui oojtp- ® m n r n 

u u i • •*••«. « 

. X. iKkP »• .<“I ; ng M |, » 

— ! o • g g}g gi 

lui I 

! O ) I 


■^inouaOOOinow 
CU — — r-. in r- 00 C>. Os 


-o wl r*. *jJ t— >!. 

UJ d m • * * * . u • < a , 

«*J ♦»]•-• Id '"P ‘OujjP'Pil 


t'g **J »*"] ■-• id 
•i m pj r -o 

as 4 «■« 

: f" luoJ 

; * i • * 

■ -» u (Q - r 
I in N 3 N 
3 >. >0 <•' 

hlj 

<M u» 1 • • 
r 

* n « «y ff. 
3 N. 

^ - ij » » 

1 u. I - 
-i »n 
- U 4 mm 

»: UJ N J1 
«.: m 0*1 T JK- 


— O' rv n ifl n 

r*. **• a> 


— > rv j|jl N 
»■ J*»! isj 

gp Oi»|(J ♦!« 


> .** > 9 . .*>4 > •: 
*3 J| flP : 

• i 1 t N .a ■ 

* o*' 9* - 9 * 13 1 


r-4-- 


• >^J • jy 3“ • ^ J> s f r <n> t® , 

<* o moo j o'!- 
*'0 >o ifv ® r ■ (H <7“ 

• it » : i ■ i t I I i 1 

■ I - , 1 ! 

■In n t-on * -o n 

W N J1 ON 7 C — ® 
0*1 7P »N PMT ifl 

] — * | • *ni r i4 in in 

*! 1 j 1 •' 

'o *a - ni n*:- o - r* -a 
r^ : u» a • m •• *.»•*■ 

I 3 .»!-3 {> n »*:.« . "j -O cp,, 
• in h r j) oo r 4 31 n 

> x d co a o — ■— * - ' — -* . 

^ j t i 

(H n o o a — t> — » 9 ~. 

_ u 4 » » • • • »•* 

i u n'T<y tn” r Mofy! 

• n r j» « n n. ca -o n 
3»v.J^|rN.f»»7N.®aoa:<»ao| 

C| -1 n »> - >rs| 0 »..ii 

— f »- r' <O T- rg m xn 

*•*••• m * • 

— 1o □ mo rx r* o. 

J 71 r r r r j) jt J>n 

! ! | j 

in o» g iP a u n a 

(P* T IM ® 7" o* o o 

4 mm mi m |» • • 

— n JliP — 4 a O 
i-i — g -* n n n r 
k •! • ! ! ; 

o-l —. m »-® : — - Oy 

Pi N T — N- <0 r P> C7 
* • » • • . • * • * 

p» n n -• »; rg 4-- 

J » i i i l I i 

. j . ; ! J i 

o k n. r r k n t 

*^N 7 O* <P OflN 

® ji n ® M ® d*^ng 
> r r r nn m f< nn 


• ji O — <i r ® 

r V 1 T 1 

» •« o' rg 4 a a 

mm* m k» • * 

• o — n o n® 

: 4 W 7 gj T 7' 

i 1 I I 

■ p* a ip <4 a a 

> igji o eg r ® 
i pm » 4 pg® 

i: py Ni JJ <|, O UI 

! i j I 

i Jin 7 ® Or 

• » • • k • • 

► o pv ® ®! pg 
co as r- o n ji 

■ r*» n*. fN. rJ ■« -c 


■ n o ■ ng ®* ■ i/ ' 

. sr m •-* **» - — ■ 

■ ffl — ® at ® 

i ,4 N p, n r* r* ' 


fc m — 9i * - j» 

• n 7 n -« a pg 

- .3 ^ 

> P*t 4 4 .4* 1 3 in 1 


J ! 

d —o^i 
■® m -j% p* t 
a 7 ' 


<P“l o- in 
o • • • 

I U ^7 31 
x in tp>! rsi r 


pg. r o* O* . r<* m »■ -m 
u « • 4 • • • • • • 

n u cn o- — rg m cp n r « 

i m .'O'. ® a n J 17 P 4 ® > 

» N. Kp ®, NN 4 4 <J>i 


-gJi r^’ -* ©► <r: 

u « • » • • 

• ui pi in >0 o o 

1 1/1 7. j- n 7 n 

» \ O' O 0 7 “ <P • 

u. j ; 1 

w n .9 »ni 

I < O® 4N 

« 7 7 

t » • * • • 

• » 7 O rg 7 

> *X — rfkg .Pi JM; 

*4m ig» g 1 
*■ in, ® m ® 

1 t >- 1 4 n r - 

c *;•••• 

• PN I tO 9* ' mm 9" , 

3 z — | — pg *m 

z. 

< m om O O 

Cu p- rnn 

W 


i*. 4j P ' 

iu < g • 

15J 

1 d o 1 
a 0 o < 
< -* O O 1 
r < d a i 
U. k- 4 * 

d o ( 
x d o 1 
1 -J a o 1 
u. < a o t 


o o 0 o 1 

O O O 0 

0 o a o 1 

3 o a 0 

• • m • 


o O ^ 

•t H • 


l/l u Q Q 

3 O 4 • 


® in r N -4 

® ip- o *" -7 < 

a 7 ® p d 1 

O' .9* 9 * O' OH < 

4 • • • 4 

O o O 0 oj ' 

pi «m m o -4 1 

m n-Oi4< 
0 o a 0 d 1 


in -J tr 1 m 
vi < ao 
0 ►“ i • 
-J 0 I 


a o o oa a ao t 

4»**g*4* 

-*i : 

Mn 4 g < o 7 ^ N 7 
— t <r» m p*in^ —4® p 
t 4 n p| #n-*°Npg u 


o 

ui 4 m m m 

XL 1 1 


o n > □ in d ® < 

N O n n P* 4 ® o 

N J -1 N m N « p O’ 

— — ■ — o°0o-* 


g 00 
■<^00 
o wa o 

ui o u • 


® x oi j> 
£ lAO'y® 


— a “ w u 

r > j" 

<0 o uiiP N — * 
a n a» a -oi in 1 

C* C 7 ^ l> O 

n n n' ® ’I r ! 

* m m * 4 m 

1 ! J 

o or# 0 4n I 
O o □ 0 Cl O 1 
q □ a a O o 


pg — 0 $ art in 

<; in r T tit 


ac x — co 
z> cinir 


On - ® dn 
r [ — 3 -: m m! 17 . 

® =•> m "* pg 
’ »":pi n.'O njrf 


• f *♦ 

PI 7 ' 7 X 


■o 1 0 > *-ai 

« N JIO 

-.-iTN JTj. 

• 4 * g 


m -ru ■ * 

' J ! 

co *4 pa O ' 
P»|N X -* 

(7 7 I «n, 

• 4 • g 
<0 <ol> o 

P® pi NO 


1 *m r m 1 o fnJ — K 

»•••:• «j • • 

' pa On -o 7 0 o 


Z; r» 

— 13 I ■ 

T a 3 

! -4 m 

m uj in x 

0 UI * • 

x. xi^jo 
— : at g 


N r# n r pgjpg 

TIT 

"17 n I •a nl 4 


iA |-0 )»■ O' }a0 • 

I I || * »| I 


O m © in 

t- CO ON os 


238 



COCMcfrOCOmCMCMr- 


S Q 


<D 

U 


s 

Vh 

£ 

Uh 

Oh 


> 

X 

3 

H 


CM UJ r- K> to St 
II /) •Hif M3 if 
d \ imfl m^o 


m r* m co m 

ifcfiMifr- 
r- CO O' O' O' 


O' O' oh* ^ 

• • • • • 

r- in -nr- m 

hKI Wtf h* 

co O' O' O' 


«HCO st *H O' 
• • • • • 
OO) 

or- in r- <j> 

OJ K7 ^f if 

it • > i 

O' O' or- o' 

• • • • • 

r- in hn m 

wKJCM^r- 

mo cr th o' 

i i i i i 


m if oN^ownm 

(MU'* •• • * *•* 

I UJO'O' K3 if K) «H CM CM M3 

- in tn cm ovo r- cm cm -• •* 

:> n. r- n» r- m> t— r— r— r— 

u- i 

rO0t cm K> CM 'Of* O' 
HU** • » • « • • • 

i iu if tn n it O' et oh h 

- in cm in co r- r-r- i* m> co 

> 's r— r- f— 00 O' o -4 -» rH 

I— .H •H rH 


sO Hpi 

u * • • • 

HUvOninn 
i in eg so O' o' 
z>x it =t =t in 

r- 

u. 

coin cm in 

CM U • • • • 

I Ul CM O' -H *H 

- in cm it co *h 

0 \ rocM h | 

>r- 
. u. 

vO •-* H(h 
H U * • • • 

1 ui m w m ro 

- m cmvO O' o' 
o \ it it it n 

>h till 


^3 

S=L 

to 

K 

■Sf 

<43 


M3 O 
CM Ul — * O 
I UJ * • 

- ex in o 

£3 0 cm cm 

Ul I I 

o 

00 o* 

-h ui om 

I Ul * * 

• cr vO r- 
m o m m 
ui 
o 

KJiO 

Li r- 

CM UJ • * 
I o: OCT 
(DO 
Ui 

o 

oo 
UJ oo 
H Ui * * 

t ex 
CO o 


K3 O 
O' o 


if *H 
^-4 

i 


H O' 

or- 


O' cm 

m ct 


K) K) 
CO M3 


r- m 

it ct 


O' O O' «H CM 

or- r- ^ o 
■ * • • • 
CO ^4 co -4 a- 
nrO n ^ d- 

! 

it Ov tn O' O' 

■h O 03 vO it 
• • • • • 
r- -h m zr in 
^ in m in in 


o co -» r- cm 
ok) o* r- r- 


or- o' m cm 
st m m it sr 


o o o o o 
I op o o o 


o 

O 


vor- vor- 

M U * * * • 

I Ul O CM O' CM 

o in cr O' if k> 
> "s 30 r— r- o 


hlo « HC0 

• : « ♦ * • 

«n co c r- in 
K)pr-r-r- 
intf <r^ if 


OO oo op ooo 


-h o 

I UI 
o tn 
> \ 
fe- 


CM CM o r- 
CM O • • • * 

l ui r- in co io 
x in co co r- vo 

> \ vO M) jO 


rfO' k> in 

•ho ♦ • • • 

I Ul toco •H •H 
^ m co O' <h sr 
> \ tom v0 vO 


•h u in® h h 
i in co O' -4 n* 
> \ in m vo so 


CM 

I 

< 


inioino) heo -ir-co 
M3 in k> co m co «r^o 
c co n O' r-icv'O^-cM 
* • • • • • • • 

M) M3 r- O' lO M3 CO O' O 

: WH •HW <m 'cm cm cm to 

t l 

in M) m sr m m m 

K)CiO(M>iO r- O-H 
CMtO'Od'CMp'ind'CM 

• • • • • r • • • • 

m :r in co (M in co O' o 

: «H «H *H .H CMCM CMCMIO 


O <i/~, ovnooo^om 

4—* Cl. 

O C/5 


! MMMO' Olfl lOMfl 

cm : r- in co m cc in oco o 
i o'^no'C' ioiohcm 

• '0M)v0ininp\0s0'0 

X; |* • • • 

; i 

I ininK)in^’0'r-CMit 
•Hi COO'O'IO^’CMCM^O' 
|1 voo* WHH o^oOO' 

• ; *oor-«oo*oooo 

I 

} ;»H H H *H 

t 1 

I O' cfCMC0in^-^-^K) 
ifliOBftlH OOWN 
O'ln-tiMcraa^cMo 
O O' O' CO r— iO M) v0 M) 


CM 
X ! 


C0:»-lO^ , a , fOstO*»O 
0'K)inin0'r-u3»0(M 
♦on M) Ch H CM CMCM PM 

inininmpvOM>M3'0 


I 

! CM O 
a uMn 
I —« CM & 
U. I- M) vO 
L < • • 

ui y~ i 

LO 

CM K) 
Q O *H 

< JNd- 
I < O' O' 

L_ >- • * 
U. O 
Ul V- 

j co r- 

CL cf st 
I JCMd- 
U < O' O' 


UJ o 


o «h o om co 
K) H in CO K) £0 IO 
CM in >0 K) fO co 'O 
to o' O' O' co f- r- 


tn cm io \o O' cr »o 
h to cm co ^0 m 
in r- r- tt (Mr- ^ 
O' O' O' o' co r— r— 

• • • j • • • * 

i i 

st i*- co r- r^r- o 
st in ^ tn r- r- co 
in r- r- K) co m 
O' O' O' O' co r- r- 


V 


fMinioconinconio 
\ r-crct^or-M)K)^ 
CM -HCM*OK)CM*HC0 vjOincr 

o oninninin^-^j-^ 

no.** •* • • •• • 


O. UIO'O' K)00 OK>=rr-K) 
i _joo''0'0>m ok)k)oo 

Ul w(\|HHC OHlO^ st 

tn u ooooooooo 
oo* 

Jtt 

CL 

o. O' on cm cm h nj 1 in 
l i oonaor-mr-coK) 

tn j cm cm h ooh io^- in 

in <000000000 

o k- •• * • •; * ••• 

-1 o 


mo vo •ut h hio n 
H£) K) •Hinr-O'CM'O 
d'C'r- K) CM cf K> 00 o 
•HOOOO o H h CM 


mV) O' tn 
• : • • • ■ • 

O' K) <M ^ LO 

k)*m nnn 
p vo m m m 

i 

•*» to o' k) r- 

• j • • • • 

iO P IM H(h 

p r- r- r- 

.q i p id id if? 

C i 

co to ^ O O' CO O' CM K) 
u •• • • * ! « • • ■ • 

cj uj tnr- nr* t w 10 >o h 
1 u*» a) -h — ito.r* oho 

>• \ o o oo' co r* r- r- r- 

h *H «*H •H j 

ct O' m m -hVo O' k» r- 

o • • •* 

vO St CM HJi 

no r- r- r- 'O 

<0 'O M) iD «0 


O ! 

< i 
U j 

°i 

< ^ 
O U 
Ul o 
X X 
o in 

oc UJ 
ui ui 
CO ex 
X o 
< Ul 
o a 

ui 

Z Ul 

5 o 

I- UJ 

0 

Ul 

> u 

UJ (X 

a o 


O O' CM O' O-HiT»HC0 
O' LO ^ CO CD CM OO J CO 

•hod t k) r- r* Htioro 

cMCMro^r^^-intnin 


hid o cr io O' sr^’O' 
oo-»inr-o' in r- O' 
oooooo»h^h*h 
00000 0 00 o 


0" 0 MO O it OvO CM 
vo r- co O' r- O' vomm 


o in cm cm co io O'od r- 

hiO M) in IO CM/4H H 


t O' no "0 otno r- 

fJlflOh Oct OCM 


HI- iO -H O' O' ilV) —4 

o in in 4t (m ,h •h-h •h 


O ct -H ^ r- CM <H CO *H 

ro so r- cm o m m> o «© 


HOHetn HC0O» a* 


o ! 1 

•H UJ -O, 

< ;tn»~ 0) 

•H X 0. 0 

u> j co in | 

35 1 -1 i 

01 t- Ml 

1 UJ vo, 

U -J* • 

U. Z «H 

UJ »r 


3* 

Ui!i 


£!S 

0. 


-I 


4^ 


Ui 


o 

»- 

\ !-i 

0:Z 

r- ►-* 


x UJ 

O Ul 

z ex 

►H O 
Ul 

Q 

in uj 
u uj 

z a: 

IH O 

ui 

a 

z 


0 O' O' r- =t o M3 (O IO 

03 j- r- o^-o oo' r- 


•H CM CM rO rO ^t st t O K> 


cm *h cm r— cm r- hoc 

o-Htf* in in w =t in ro 


m ct ro cmh;i 

1 1 1 1 i 1 


<viOiciooo»no»rt 
2u — — o-, ir>r~oO{7vO' 

in 


O 


CC 

in 


1 rOM KJCO CM K) sO CM C7* 

U • • • • » ■ * * • * 

cm lj t h or- m so co o' O' 

1 inc\/^- o— < 0 ' r- 10 m r* 
D\«O4)»Ohh»0'(Mr 

u . 

vOvo «hoo o O' in cm 

u * * * * * ■ « «• • 

h ui co h ^ hu* coroinr- 
1 inr-ocMO'r-'Oroinr- 
D \ in M) J) MO CMMJ' 
v~ 


03 ct 
CM O • • 
I UJ cT CO 
• in M3 0 
o \ >0 iO 
> h* I I 


—♦CO CO ct- O' O' CM 


M3 03 CM ; 
t£) rO h c 
MD r- CO 

I I I 


t ooi tO 
O' in r- o 
to O' O' o 

1 1 1 

I 

in CM CM -H CM m CM 


CO — < M3 

• m o vo 

•H cm 
I I 


oin cm 

M ^ vO 

‘ O' o o 


ll 

tnomo' Hsmth — 1 

H U * • « * • • 

I UJ OO (\JMO HOO^O r* 
• minr-cocMcorocM — *-h 
>\M 3M) M3r-r- 03 co co to 


K) CO 

cm ui O' r- 

I UJ • • 

• CX f & 
ODO tt 

UJ 

o 

K3 CM 
-i Ul tr CO 

I UJ • • 

• ex in O' 

(20 HI 
Ul I 

a 

co r- 

Ul if CM 
CM Ui • • 
I CX >0 CM 
COO I I 


r- cm 

Ul OK) 

•H UJ • • 

1 ex or- 
doo imt 

UJ 

D 

inr- 
(M u • • 
I u O M3 
ont cm 

> \ 1 1 


(MH H H 

I I I I 


« CM 

I 


I uj cm in 
o in tn *h 
> \ r- r- 


CM O' lOM) tlOf 

co co *h in sO 1 -- r— 
M3 in m if st f st 


if U3 K3 CM K3 \£> 

cm u • • • • * ; • 

I Ul so ro vO r- f ^ 

x m vo r* co ^ co a) 

> \ 'O'O M3 M3 M3 M3 

C ! 

O' *H r- M3 CM O' 

H O •* • • • • 

I UJ O' o O' O M3 CM 
X in CM M3 r- CM IO CM 

>N.M)M3M3r-r-r- 

r- 

U. 1 

I s - •HcoirtvOO' (M ro O' 
U • • * * • • • • t 

cm ui r- if 

1 m *0 r- 

> \ M3 M3 


CO O' K> 

ro o co 

M3 M) in 


CM O' ro 
co in if 
M3 M3 lO 


O 

-H UJ HK) 

1 tn co r- 

> X. O' O' 


CM 

I 


C3 CO 
M3 O 
K) O' 


M O' O* 
OZ hH 


ro r- in in •h o' 
vo ro o m cm — • o 
O' O' 03 <0 co ®o r* 


in CO CM M3 O O' CM 
CO >0 N co (M in o 
f CM M) •-IrHf^^ 
• «••*•• 
O CM If t— O' O' O 
CM CM CM CM CM CM K3 


•H LO CM O' M3 CO iflOvO 

*h tn M3 M3 k> co rjr-if -h 

I • CT' M3 ro st -*0'0'M3K) 
< ••••»«••• 
*-* r— co o h t >n to d o 

OZ *h •H rH CM CM CM CM cm ro 

*H | 


<v>C'noOOioom 


a. 

00 


^ — * h> 1/1 r— oc O' O' 


1 r- =r co co ro O' 'Or- •* 

CM! lTK3K)vOr- OO'MD M3 

I H(VJ f a (MN toco O' 

• j cOCOCOtOO'O'O'O'O* 


h® in n co O' on O' 
-HsfinsocM o 0 r- in 

O'O— HO Of (MH H 

mM3M3M>r-r-r-r- r- 


M>O'<M0'ifK)inr- -H 

10 st r- co r- o — 'to o 
r-coo'oo'r-incM o 
ininmMStnininm in 


co cm 1 

-4 L> 

I Ul ro if 1 
• in r— h 1 

O \ HH 

> h 
lL 

K3 O' it O' sO K) CM O' -« 
(NIU • • • • • ■ • •• • 

I Ul •H CO 
- m if if 1 

> \ O' O' ( 


•H o CM K> 
—* M3 03 O 

-f it in 

1 111 


it in r- ro 

H ft ® 


lOro-tcMincvimvO in 
^r-r-M3(M-Hr-^tO' 
03 t— M3 K) O M3 CM .H O' 

co co a) to co r- r-r- m3 

. * *|* 

U>Hh®®'®toN 
MM DO O' lO in 10 t O M3 
4|-.r- -h 0 lo n O' ro r- 
- r- r- a3 o O' O' co co r- 


» 1 

00000000 o 
00000000 o 
00000000 o 
00000,0 00 o 


C7* M3 O co st in O 
O' vO (t* K> H(t O' 


:f M3 O' to M3 r- O' 

it if if in m in in 


roco r- »o O O *H 
O' O' co M) in CNi o 


if r- O' O' if M3 CO 
I *h CM ro ro ro 


in ro r- M3 o 0 co 
»nr- t in hcm m 


u 

ui 


I : 

00 O 00000 o 
00000 000 0 
loo 000000 o 
: o o o o 0 0 00 0 


CM OO' O' if M3 vO 
rH K) CO CM CM M3 to 


in o' rf cm if m vo 
;f ro ro K) ro ro 10 


<0 *H M> K) r- K) 
• • • ' • * • • 

n hn co cm to o 

(MC\I H H HH CM 

» I I I I I I 


OCM OJ in K) (M h-H N 
\ h Hinm Hto mm m 
cm not m® 0 o' cor- m3 

0 OO'O' O'O'O' OO'O' o* 

OLCX. « 

• 1 

Q- UlOK)ifK>CMr-r-if CM 

1 Jin .-r r* or- m 3 mo' ro 
in -»nn fM h c c hcm st 
inu-oooooooo o 

0 o • • w « •.« * ♦ * 

-J j: . 

a * 

cl cm st in ro if o om co 

1 m^r-or-f-r-^m 

in jiom w h o onto tt 
m < 00000:000 o 
oh-** •••••* • 

-J o I 


if CO M3 co if O' r- o o 


X 1 

0 ! 

0 i 
< ! 
U ! 

ii 

CO ! 

1 1 

< 

o 

UJ 

X 

o 

(X 
UJ 1 

m 

X 


h tn o h 01 op O' 

O' m j> in *h co m3 cm 

if **4 K) CM CM it CO CM 

•HrlOOOOO H 


inorOrOMJOOin 
co CO O O it CM f- CM 
MnejH or)® 

st tt t t St tt st 


• j 

M3 if it CM CO r- r-O s 
00000010 m 
00 0000 00 
00000 0 00 


M3 r- tt tt to O' ro 

o o' o) :>o o ■* .0 

M3 M3 M3 M3 M3 M3 in 

uT I 

ro co ^ k> 0 CM O' ro if 


Honfwojf® 

sr o' in o ' 00 h hh 


a: 0 in cm -4 k» cm a in 
o M3 m m in st tt tr st 
Ul I 

o ! 

if 0 h- to m 3 in inn 
ui tn in cm om co mo 

ui** 

jx >oo' h* h o '*o 

in if if it m ro mm 


♦ON NU)f CJ ®H 
O' ov un co in n o»h 

• • 

cm m tng> 00 

H H H . vH pH 

M 3 0 -4 M 3 r- co m o 

tonr* oct> -o mo* 


CM CM W H | 

I I I », 


I *H »H H 


CO CO *H -H — l m M3N- 

u* m O' vD r- M> m om » 
uj * • ••»••• • 

Kinfttinoinf in 

o 1 1 1 j 1 .1 1 | 1 


Z 

^mOmOOOviO'fl 
Ol, — — *rjcnr-«0'C' 

cn 


0 

tn 

Q. U O 

• 

1 UJ —4 

0 

a jm *, 
U. Z N 

Ul *H CO 

r- 

1 

• 0 

a i m 

» 0 

< ,t- sr 

• 

t UJ *. 

m 

UL -J 2*vO 
U Z CO 
LJ N* 

CM 

» 

L r- ; 

M3 

oL N* 

sr 

a Ui M3 

in 

>s _J if 

0 z • 

Q. H *h. 

O' 

•r 

• 

•h; 

n 

OV if 

m 

h- ;uj m 

m 

\ Li *H 

0 .z • 

H* *-» H 

0 

• 

! oco 

O' 

ex y- Uim 

CO 

tx ui m • 

O JSH 

O Z X CO 
31 *-• D •* . 

M3 

-J 

• 

•H 

(X ♦ 

N. 

cc ui xr- 
O _J C.cO 
0 z txm 

Z *-* f* 




239 


Co 

j§> 

2 


o 


oin s- co m to to a cs 
(,;••»••*•*• 
rJUJO'^O'inr-CT'inoin 

i in -4 a vo a a a ojin s* 
D\tntn in xo s- co cr O' O' 

t i 

M3 CM tO tO vO O' -*o» cm 
(.)••••• «•«• 

lj r- oo vo m o' s* to ts vo 
i mcMvOO'0'«HtocMas- 
tflONCO^O'O' 


MONGO' MO'in H 

(Vi tj • • • • • • • • • 

I uj in o h i mO'O'W h 

* ui -itO S* O'aOCMlO 

0 \ H *4 to a a a 

> s- l l I l l 

u. 

vOCMtOlOvOCh HO' <M 
u * • * * * t « • -, * 

1 uir^rdvomo'h*oo''0 

- l/l CM sO O' O' -4 IO <\J a S* 

a m r* co O' O' cs 

> h- i i i l l l i I J 

U. l 

0 in hsO in K) o\o o 

(Vi u • • • • • ■ • • • • 

I LJ \0<3' IO it Nlfl «0 

* l/)04- HNCMn'O^’ d 1 

> N vflvO ^ in in VO vO vO 03 


to St O' CM a O CD O' a 

H u * • • • • ’ • • * * 

i ujsOh'NincMiwcMtoio 
- ins onNiort ow^ 
;> \ vO r- h- ao O' o -4 w -h 

►— H H »4 H 

U 

a *4S* Oh- SvOO H 
WlUcfOHO(V|(M(\|00 CM 
I u • ••••••*• 

* aeco*4xo O' (vjco o j 

CO CM CM -4 ~4 tO tO a a 

u l l l ! 

o • 

coo' o -» co oow 
*-• uj <ms- cm in cm cs r- a 

I UJ • *•••••»• 

* iro'OMvOotf »omo 
(DO ro a 4“ ^ m m tn in in 

UJ ; 

Q t 

oo oO' m> *4 m> in a 

UJ hm a- om *4 s- cm in 

CM Ll) •• • • » « • * • 

t cc in cm - 4 to a cm a s* co 
(do mmmaaaaaa 
UJ j 

O I 

oo o o o o oo o 

LJ OOOOOOOO O 

•4 UJ • • •••}•*•• 

l k ; 

(DO i 

uj i 

o 

to in to oo xo o a co O' 

CM O * • • • • * • « • » 

I uj a a Hinn oins a 
owns » d- in o h n (vi 
:» v. co s* r* so m m in in in 


co ^ x 0 in cm co o 

-T 'O .'/> a *“> -4 O 


cm oin r- cmn -•O' io 

o • • ‘ ~ * — * 

CM UJ f- O' 
i lo -~»r- 
> v. oo 


u. 

o> in 
o * * 
.*4 u to in 
I in cm to 
> \ m m 


r 

W t 


(M 

I 

< 


OZ -HW 


d> 

h— 1 


*4 t 

1 i 

< 

OZ ! 

1-4 


u. 

z 

X 

0 

c- 

QJ 

0 

m 

1 

H 




CM 


O o OO o o o 


«"• o 

» UJ 
o in 
> V 


OO s* vO CM CM co — » vO 
(MU »•••••••• 

I UJ Ojco H(JV O to O' co to 
x in co O' O' s- *> in —i «> «d 
>\ ininininminina a 

t ! 

(mo otf oao'vcn 

•HCJ *••••••*• 

l uj toino — * to cm— • oo' 
3 : in cm to a s- c* o o o o* 
>s\nvninmin'0'0'0in 


o^ oa O' wo to 
• *•'.••*• 
yO HO (VI HOO 

a s- cs o ooo' 
in m in M5 vo vO m 


CO S HMJO' vO OO' H 
o O' a- in cm cvj a vO 
or- in «h cm r- s- m in 
xomtninininmtnin 


oO'O'O'in aa on 
oo'coow acocoN 
cm a s- xo xo in -4 to in 

x0 xO x0 S- CO O' ooo 


CM S* OO vO vO 1^ CM O 
K) a K) H N CM a O CM 

cm co in s* O' m to cm o 
O' co CO S- vD MJ'O'O'O 


oin io ho' O' Mos 
o-H*4vOvo in in a cm 
coo'ocvj.ainintnin 
aamininininmin 


i oo s- as 
a oo"D voinin 
l *-% o -4 cm »o in 

U. >— to S- co O' O' 
!*.<•• • • • 


to to CM to 
CO S- S. m 
am oaj 
O' 00 CO S* 


in 


o P CM CM 
m s* m a 
in 'O «h co 
O' oo to s- 


. Hto (visa 

0 h to to am 

< _j o to a m> «o 

1 < O' O' O' O' O' 

IL s • * * • • 

u. o 

UJ w 

: *o in a s- a 
Q_ vO S m lO oo 
I joioaom 

Ll. < O' O' O' O' O' 

Ll. S- 

UJ O 


in o> cs co -4 O' to o o 
\ Htoioa'a aSoO' 
rg hh h (viNN io aa eg 
o oin in m in m in in m in 

cl □. • • • 


M3 hhS 

s- in no *o 
in s- co O' 
O' co co s* 


uj co -4 
jin a 
to cm 
u> o o 
o ♦ * 
cr 
a. 

; OvO 
: so a 

tO CM 

< o o 

s- • • 
o 


-H O 

in O' 

O' 


CM >0 O CO O' to CM 
o 0 m ms oin 
(moo o CMa a 
OOO OOO o 


tomoinsa co 

04 CM 0 «~l O m H 

cm h h h o a m 

ooo.oooo 

i 

! 

to m co m in m a 
asm -i to to o 
O' a to a cms- o 

O 0 0.0 — * •-* CM 

. • * • i • * *. •• 


io ^ 

SiKH ? 1 

V VlL * 

-• !x O't 


cm Hfl'aNnas a u ci/t; 
in in in Ncj in h« 4 o 3 -J 


oin HHa cgm^y o 
to n a mm m inm m 


intoinaso hso 
miniootocDaHo 
o co mff'Hcvima cm 

S- O' to vO © O' o 
— I — I CM CM CM CM tO 

m xO nstn a towm 
toomwsioso.H 
cvi o o a eg (? in a cvi 


^^nmrooC'C' 


*i to s- to cm O' to o a 
<4 oj a h a .o «Hto in 

iC O O O -H -4 H (Moj N 

000 o o OO Oo o 

1 f • V • 

.io • ! 

* ms- omco to oo cm 
uj s- s- O' O' xo O' vo to m 
uj • • • * • • •• • 
a. oin cm cm co vo cs co s- 
o s m m m o n *4 
UJ 

Q I 

m oosa HOna 
uj M> co a Hcj.omo cm 
uj *•••• •*•• 

dr Hci m - 4 ! '■j -J*o a 

o m m in an eg ^4 

LJ i 

.0 ! 

co cm o' a to O' com o 
y o m a n n o om o 
uj* • ••• • •• • ■ 
KCO O' otoa CM fi0(O o 

o H HH .*-4 *-4 

UJ 

p 

o O' a xO o eo — tes o 

UJ 0*0 OacO H x-40% s- 

LJ • • • • • • • • • • 

a:intnx|}xOxos- sm >0 

o { 

UJ 

0 

1 ocvjs 0*40' woin 

uj O' cs *4 10 eo O' a in to 

IjJ •••••• • • • 

KHI.I -4 CM tO tO tO 

o 1 ; 

S ! 


Q. S- IO 
I |UJ CM 
U-iJl* * 
U . i Z CM 

uj :►* o 

Q trt 
<!s s 


o \y~ 

£ z 


PJZ 


vO 1 
O; 
n 
v> 


o'; 

o 

a ■ 


•<xnOxnOOO*nOxn 

cu --nmssoo'C' 
m 


O 

a 

CO 


u 

CM UJ 
1 in 
3 V 
H 
U_ 

U 
-• U 

1 in 
3 \ 

t 

CM O 

1 4 

- m 

0 N. 

> I- 

u 

-4 O 

1 UJ 

- in 

0 \ 

> K 

U. 

CM U 

1 UJ 

- in 

> \ 
I- 
u. 

*4 o 
I LU 

- in 
> v 

*- 

U. 


s- cm co a h om a (\j 
■•••••:*•*• 
into«^o'f- co o-4cm 
warn -4 cs s- a xfi to 
m mmss co cs O' o' 


O' *H 

a s- 
m in 


a a 
1 to a 


CM UJ 

I UJ • • 
• ac -4 •-< 
. coo in in 


oi m co h m o' m 
co cm a3 in in to to 
in xo xO s- s- f- 

! I 

co «*4 s- in cm —4 in 
mam cm -t 
• • • • • • • 
oommsovH 
m in in in in in m> 


-4 UJ 
I LJ 
* CC 
(DO 
UJ 
O 

UJ 
CM UJ 
1 o: 
(DO 
UJ 
■ O 


UJ 


P OtO xO CM 
o' cm to *4in 


1 a 

03 O 


a -4 ox a cs 
in in a a to 


in »o 010 

O' -t CM *4 


xO O' *4 CM 

jo to a a 


cm u 

I UJ 

0 in 

•4 O 

1 U1 

0 in 

> \ 

t 

<M O 

1 UJ 
x in 


a to co s- 4 0 om cm 


O* CM CM JO m 
m a n h4 

1 ll ll 


in -t m 

T4 I CM 

i* - 


CD to CM -ts» a CO CM is 


m> oin cms- 

a os- CD CM 

s s m mm 


X© S* 10 CM 
CO O CM CM 

■a in in to 


oto to to © in o<o O' 
• *••••••« 

to 'D omeg neotoa 
t am oo' o os- in 
mmmmmrnmmu) 


xo -4 cm -4 s* s- in co -4 
*40*** *••••• 

| LJ tO tO O ©O' xO tO S CO 
X LO cm vO <0 CM to a CM O' s- 
>\iniAin mmmminin 

C l 

louxiotft o r~ 00 in 

O • •• ••>•••• 
cm uj *4co -»xOto;*4cotoin 

1 to n zt *o •‘'cs o ^r- n 

> \minin mim^mmimm 


•4 co cm to to !cm -4 a in 

\j *••**:•••• 

•4 uj cm co o a o cs a a O' 
1 in -•O' cs xo cm o oo» s- 

>N S 0'COCOCOCOCOCOS-S- 


CM 

1 ; 
< 


1 

< ; 


2 : 

<VJO«.nOOOx^Ov> 

>r, r 00 ^ S 

in 


V! 


ooinma ows-a 

*••••:•••• 

0 to in <mh omso' 
co o cm o' co s- to m s- 
tn xo *0 ms to O' o' O' 

HO' vO *4 CM 40 CO O' in 
• • • ••:•••• 
mmatocMtoocMs- 
ooooco tOHOxam o 
m m m s co co o' o' o 

1 I I I | ll I I r4 

i i| 

co nsios ^o to in xo 
••!•••• 
xo s O' ototocoaxo 
vo O' a O' in to cm to in 
l cm 10 a a a 
ll l ll 

tocMoatnocMC'fu 
• •••••••• 

SMDHinSOOO 

sscoinosnjcMin 

CO GO CO O' O 0”-4 *4 *4 


<0 r— a s to O' a o s- 


s- vO OCS CM CM S- O' CO 

cm to *4~tcoo'(7'ioin 
mm m Nm Nmms 

S-S-S-COCOO'O'O'O' 


► . • • • I • 

■ O' mm si 


in s- o' mm h sos 

*4 o CO vO O' CM -• tO CO 
0'*4-4inox0'0ato 

a in m m m m 'OM>xo 


O' cm s- cs O Honto 
CM *4 CM to CM O' O co -4 

S-r-tOCM-4-t(MoOS- 

aaaimnininaa 

. . -|. • y 

S- CM CM O vO O' to CM O 
Negao'a n ohio 
H offmoH oo' s- 

ocossss smm 


j 

1 Hcoaaa!mtnm(g 
uinwsmomc'coa) 
*-t O' co O' cm a n mm a 
. l-f^S-I^O'O'O' <os s 

iSS • -I* • *i* • * * 

jin 


00000 io oo o 

OO OOO CD OO O 
_J OOOOOOOOO 
COOOOOOOOO 


0 

< 

1 

IL 

Ll. O 
LJ p- 

OO OOO O OOO 
Q. OOOOOOOOO 
l Li 000000000 

IL <00000,0 OOO 

•• • 

LJ O I 


S* CM O' *4 CM S O' *4 0 

m to co n m maon 
• •• » « « • • • 
s o' a 0 h oamco 
-4 1 1 cm 10 to ro to 

’ ! j 

co s to O' xo >0 om *4 
•4 a to cm a a o *4vo 
• •• •*•••• 
xo a N h H H 1 eg 

1 1 1 .1 1 ;i ;i 


i O' <M 

CM CM 

*4 a a 
00 O' 
a 


*4 O' *4 

o a cs 
a co co 

O' QS O' 


tO O' tO CO 
to oa *4 
co mm m 
O' O' O' O' 


I 


i 


LJ0v O 
-J a co 
to to 

Ll O O 
O. •. • 
Q C 
O. 

i o> in 
; in co 
•I to to 
<00 


■ f 

m n s s h m o%o O' 
hs O' mm o co o a 
^iDaatoa otoa 

4 r h o O O 0-4 


in *4 M3 -4 a in M3M> cm 
xo in *4 (Mxo cs s-s- cs 

to 1 — in co s- m xO *4 a 
inminaaa a in n 


co ! mo 
I ; a sj 

<5(00 
OOOO 
UJ o • • 
X I 
o in 

00 
cc uj a O' 
uj uj • « 
co cc cs in 
zoom 
< u 

U Q 

i as* 
U *4x0 
Z UJ • • 

-4 in 

3 :o o in 

J— UJ 

io 

! CM O 
UJ CM CO 
> LJ • • 
UJ QC 0*4 
O O *4 *4 


*4 xO tO 

in *4 0 ' 
tone 
ooo 


xo cm O' a 

*4 COS- CM 

*4 -no a 
0000 


MOS 

m cm o 

to HH 
ooo 


K> CM in o 

in a s- a 
*4 CMa in 
-0000 


in s- a cM 

cm cm a in 

OOOO 

o oo o 


COM3 O 
M3M3 *4 
*4 CM tO 

OOO 


ins* to to 
in co O' o 


CM *4 tO CM 

M) m a a 


mins co 
xo a cs to 


am to 

*4*4 CM 


aim m 

a a. a 


mao 

*4 0 s- 


H ‘C 

in a a to 


s* o o;*4 
to CM xO xO 


0 s -4 a 

oa a 


cO'O *4 
*4 CM O 


Q- J- 

vO 

1 UJ 

*4 

U. Jl ft 

• 

u. z 

s- 

UJ >4 

co 

0 ’ 

CM 

< ‘s- 

a 

1 0 

• 

U-LJ»xO 

u- z 

CO 

UJ ;IH 



*4 

0 V 

in 

CL UJ 

0 . 

V ! J 

a 

0 z 

• 

CL >4 

*4 

1 

<> 

Oll- 


1- UJ 

a' 

V _J 

*4 

0 z 

• 

H ,*h 

*4 


O 0x0 S* *4 -4 CS 


CO CO IO CO CM vO ocs CM 
*0 oco m s <0 n in o 
toes a cMxO:-4«4^a 

• * • 

(Sts owaso'iso 
: *4 *4 CM CM CMjCM CM CM tO 

-4 m rj is xo 0 a o xo 
tnmmiocooisa.H 
0'x£>toa*4 0'0'x£)to 
• ••»•]•••• 
s* co O' walmtcoiso 
OZ *4 *4 *4 CM CM CM CM CM O 


! tom nesam coin cm 

x uj oin asmer *4 a in 

L3UJ** •*•••*• 
Z C£ CM *4 CM tO tO JO M3S- S- 
*-*0 


i 

in u 

U UJ 

z cc 

►4 io 

UJ 

,3 

Z 

< 

Q- 

CO 


o'*4 ao'S*in cscs s- 
a *4 a Hts m -h co s*’ 


u *4 

OC h U O. 

cr uj in * 

o \ CO 

uzzm 

* 1-4 03 *4 


0 Ch ♦ 

cc uj x a 

O JCl o 

o z a a 
z *4 r* 


1 *4 1 

1 


I i*4 I 


xn©xno©0 wO vi 
— — ro r- 00 O' 


240 


s 

I 

3 


CD 

CJ 

c 

a 


CD 

PU 


> 

<D 

3 

cd 

H 


o 

AJ UJ 
I in 
D V 


eoojdiocodCMcgr* 


W) 

C 

*53 

cd 

U 

T 3 

CD 

4 -n 

cd 

H 


o 

-L- » 

cd 

+-» 

00 

"cd 

.5 

s 


r- io 

Hd- 

in in 


co a- m r* »o oo k) 
m d d d am dr- 

in m r* CO © © © 


o 

*4 UJ 

i in 

3 \ 


v4 *4 0©© OC0 O' 


oO *4 
AJM3 
d d 


in d r* in «h r* k> 
© o *h »o aj d r* 
d in r* os o O' O' . 


<m o 
I UJ 

• in 

o x 

> K 


o« in co in r- o co in 
• • • • • •••• 
d m d-'O n^cMna) 
*»cm m co to® on 

K) CM *4 Hiontfit 

I I I I I 


lOH HOO' O' Oto O' 
H U • • • • • ' * •• • 

i uj*o«Hindr*in.Hr*io 
• LO CMO O' © — * fO AJ d f“* 
Q V d d d-lftN ® O'O' O' 
>►“•».! » I 1 III 
II 

d'O CM CO CM © CM CO O' 
(MO • • ••••••• 

i lj r* © r* m m © rood 
» lo ho> r- d in 0-400 

> \ vo in inmmvOMJvo^o 


H® (M -4 ft d COO' CO 

M' (J • • ••••••• 

I uj d d in cm co r- r- O' -4 

• tO OO' (\J H H H ® o lO 

> \ O' O O -4 *4 


^3 

5 J 

CO 

•I 

S3 

Q 

* 

o 

o 


<M UJ 
I U1 
• cc 
coo 

UJ 

o 

*4 UJ 

t UJ 
~ cr 
coo 
UJ 

a 

UJ 
CM UJ 
i cl 
mo 

UJ 

o 

UJ 

H UJ 

l cr 
03 O 
UJ 
Q 

CM O 
I UJ 
O LO 
> X 


CM tO O d d O *4 
d HO o O Hin 

r* ;#■ cm or* m oo 

if)® Ul in d- d d 

i 

o © o © o o o 
o o o o o o o 


o 

^ U- 


*4 U 


1 UI 

& 

o to 
> \ 

o 

K 

Hh 

u. 

CM O 

+-» 

1 LJ 

<D 

x in 


> \ 

I— 


Ll 


co in cr *4 tor* cm d cm 

•-» co oih cj pj d-Nr 

no mmo h o d’ n 

cor>r*oinintntnm 

oo ooojoooo 


Ll 

Hd Nd 
u • • • • 

cm uj r* co eo © 

I® 3 d • d 

> v. cr O' O' ® 


O 


CM 

I 


-4 | 

I 


coocMCMtnvOtnco «h 
ro'r dr *h co in co 
in po -4 co co n eg h h 

mintnddintninw 


I 

od n nr o h® r 
O' CO h- CT CO OK)l\l H 

on® dtf cr ow d 
® ®®N co O' ooo 


©ineomr-cMr-d d 

H K) nj K)d o in *4 m 
© in aj in r- n ho® 
®®rar® ® ®®in 


h® d KO AJ CO O O 03 
® ®® 0 'N K 3 CM -4 O 

®r ® Of\J JO K)K) V) 

dddininmininin 


rr ® no'O'Ndo 
lOOinr* CM AJ d LO CM 
• * ••*•••• 
OCM ® I O' n O' CM ® 
PO AJ -4 «H K) tO d id 

III j 

oo o o cm m in d- r* 
i cr in oodc\i«®K) 
«•••«•••• 
o h k) r* H®r ® o' 
nar d d m in in in in 


o. o 

I *H 

u. t- 

lL < 

u> t- 

yi 

0 i 

< -i 

1 < 
U. H- 
U. O 
UJ *- 


OOO©©© OCM in 
®dr®® fMK)IO CM 

•4 co -o in n k>ct oo 
in r- co © © © co qq r* 


d®K)©H®dOlO 
in© H®® OK)H® 

on® r ® d in -4 co 
©©©©© © to to r- 

i * i 

I**© O K) H H (M d H 
CL OCMdrfldNN® 

I jHd®r®d®cM 0 ' 
ii <o'0'©o'0'0'®«r 
It h •*.«•*, * •• • 

UJ O 

K— 

W®®®H®d®® 

\ -4 d O od © co AJ CM 

CM HHHCMdKIK)®® d 

o onininininiointnin 

a.Q.***«****« 


cm r* 
o o 


O CM 

in m 


© © 

o o 


LJ K3 CM 
Jd(M 
hi K) CM 
Ll O O 

O • • 

a: 

CL 

: O O 

d cm 

_J PO CM 
< O O 

H • • 

O 

H 

vO »0 

H *4 
© -4 


CM d © d 
r* in in o 

-4 O C *4 

o o o o 


oo r* 

CM h d 
ro d d 
OOO 


l 

o © in r* 

co co o m 

•4 O »4 *4 

o o o o 


K> H U). 
O CO H 
K) d ® 
OOO 


! 

© r* o vO 
cm nr r 
co to to m 
o o o o 


or* in 

«d O 

d CO O 

hh CM 


t 

in vD d H®'H OH® 
® H®® 0®®M® 
tnoindcQvo oion 
(Odd®®®®®® 


®r h ® ® r vO cm \o 
• •*♦••••• 

-4 in K)®K)0 AJ CM CQ 
K>in ® dcviordn 
min n in in n d d d 


or* or®'x«r® 

H (J •• ••• 

I uj©©© cocM©ccr*o 
x in o-HCMinr-r-r-r-r* 
>'smmninnninmin 


03 

I 

© . 

UJ ; 

Si 

i 

0 ■ 
< ; 
Ll | 

1 ; 

O I 


CO j vO^© wd K) dOH 

i ; Hfo®K)®crndr 

< ^OOOH-MHCMCMCJ 
O L> OOO OOO OOO 
Lj O » ... » 

2: x ■ 

o in | 

co in © r* © d or* cm 
cc uj® r ® O' ® © ©Ko rn 
UJ 
CO 


to on® o 
co y> »o© *-t 

'O! J -'i© CO 

r,rr®® 


!« „j 

< Si- ® 

N ^ 

^ Xo 
U CC® ri i 

^ -J 


o n cm aj co ©©cor* 

r® ® ®K) OJHH H 


JO® M HK) r ©O' co 

j in n vO r* h © k> o h 


. • © n- -r-4 n*o k> 

r ® © dK) OJ HH «H 


or* co r* © co to r* vo 

L)«*.**’.**. 

•■huj©© © iocm© to r*vo 
i ® OHoj©rrrrr* 
>\©® ®® ®.®®®® 


in ko in co r* co r- co 
j ®® non® rwo 

OCO © © •-* CM ® d (M 
c 

i ®®r 0 'n®® 0 'o 

3 ^ *H*H^i*HCMAJA|CMlO 

r-* 

m® HMOdinn© 

4 K)D®NMOrOH 
(\(K)iOd(M 5 *'®d(M 

c ••••••••• 

4 msrmcocMinco©o 

1 Z HHHHCMWCMNrt 


3 O 
r- uj 

:CJ I 

i IO® Od® H©NO 
UJ O' ® H ® fj «h CM CM © 

> UJ • • • • • • 

UJ CLintD OAJd K>©0 H 

O ID H HH H H H 

UJ , 

a * 

d (M ® O* H d ®K) d 

z uj co in co cm r- o© n 

l> uj •••••_• •• • 

z o;©® ®rr® ®rr 

►H O ; 

y 1 


^^OvnOOO^nOm 

cl — — 

V) 


n co in n d r* Hd co 
oo®®N O' dd w 


•H | 

I 


HN iOdd d 


coOenC-OO^. Ovo 
— — '-^vnr-CCC'C' 


s 

OO 


mr* K> CO KO K) vO AJ o 

u>»»****«** 

aj uj d^« or*innco© o 
i in fjd® »h (j* r* m in co 
3\®®®rr® cmt © 

U. 

® ® HH®00®CJ 

o****«*«*» 

•h uj co — * d »h © m min r* 
i ©, r* ocMtrr © ®®r 
d s ©® ® ® r ® O'O' pi 
r- 

m in aj o o »o m cm m 

• • 

© CM vO oo® oK> in 
© © co (Mo® »o in a 
®®®r©®o'O i o 
I I I I I I I I «H 

<Mr*v£>— 'cM^inr* o 
• •••§•»•• 
vO d nd worr <\i 
M 3 © d CO d r* O *H d 
I (M n d r d 

s i i * i 

otn m k> o m© o 
• ••••• • • • 

-hko o or* »o r* <m o 
r* r* r* n® © a °d 

COCOCO©© O O «H -4 


AJ O 

I UJ 

- l© 


-H O 
I UJ 
• in 
O X 

> y- 


CM 

I 


CM 

I 

X 


O' O' (M N® © (\J © d 
tn©r* cm o in sO in d 

d d d o© OK) K) ® 

f*r*r*coco©©©cr 


•h in co M3 o in cm to d 
©cococomd(Mf*m 
d ®r ^i® ^ ha © 

d dd ©©®® ©© 


-4 cm o oin © d in© 
© © O © © CM vO Od 
d in vo o© © © r* in 
eTddtnddd dd 


© © K)A hcm h o 

*-< cm in r* cm r o —• 
i* ® d oor* so in 
rr rr © © © ® 


j 


CM u 

I UJ 
- LO 
> \ 


'O 
o© 

'Q 

»~r* 

< 


1 

©o- 4 Ajin»o^ovO 

A©®(Njro©K) 

rr © oj o© ® d 
r-r* co © © as r- r* 


*h w aH uj r- 

in 


-4 O 

I UJ 
* LO 
> \ 


CM LJ 
I UJ 

• CO 

a: o 

UJ 

Q 

h LJ 
I UJ 

* CO 
CD O 

UJ 

Q 

UJ 
CM UJ 
I cc 
CD O 


r* oo co Hd© r©cr 
• ••»•• • • • 

d ® A r CM -H AJ © o 

0 CM K) CO d o OCO© 

©©©©©hr*®® 

K)® © -4 CM »4 CO ^H © 
d d Of* -4 O CT'CO cO 

iocMAjodr*r*© *4 
©©©©©©©©© 

©HdK)in'®©A o 

CM d ® CM -H CO d AJ cO 

«•••••••• 

© Od® CM^©N A 

44 i cm n in rn m 

1 l 

lOMSf* l\l© O ON K) 
cm d r* a j d- r* co©> r* 


oooooooo o 

ooooooooo 

JOOOOOOOOO 

<000000000 


ooooooooo 

ooooooooo 

JOOOOOOOOO 

<00000000 o 


AJK)d -H CM fO m r* CO 
v. A®r©r©r©»o 
aj HK)ddr®®r® ® 
o o© ©©©©©©© © 

CL OL * * 


co in cm l 

I 1 1 


CM 

I 


CL 

I 

in 

in 

o 


i h a © k) ® KOarinr* 

1® ©® r O d CO d 
♦ K3K3KO H H H H © KO 

.oooooooo o 


UJ 
•H UJ 

i ec 

CO o 

LJ 

o 

CM L> 

I UJ 

o in 

> \ 


•nr* ©©A © Hd © 

d© hcmo® © d cm 

• • # « 

r* (O «h vO aj © rgdin 
®w®dd©dr d 

CM CO © K>r* o CM o ® 
*♦♦*****• 
m cm m d r ® © © 
r in cm l i l cj 

111 I 

co rO r* © d © d ao AM 


OL 

I 

in 

in 

a 

-I 

CO 

t 

< ■ 

o 

UJ 

X 

o 


oc 

CL 


HA©r d nnr d 
or a © © ® o® d 
Id ©K) HH HK) d ® 
[OOOOOOOOO 


: i 

K)©©AJ<M©»Or* CM 
^Hdd H© d© © M3 

coM3>or*dnoom d 

*H ^4 0000*4^4 


dcocMr*o©cod in 

r®©w®drA »o 


(V 


CO 

1 LJ £T® r©M s ©P*© 

o in d © \o om© cm© © 

< 

U. 

or® co r* r* oo cm mj 
©®® dd 4d® ® 

a W 

O 

1 LJ 

o; 

>\r®® ®ind©©u) 

1 


• 

1 UJ 

vO 

Ul 


• 1 

r* 

o 



Ll ~J '<* 

• 

Uu 

z 

CM 

U- 1 




Ll Z 

v 0 

UJ 


© 

Od© *H ® © A ® H 

m 

1 rHHdd ®©o 

o 

UJ h* 

03 




CM LJ 

1 

co d d in© <HK3f* 

to 



Q 


© 

i uj©cMd©co*o»4dr* 

< 

iLOOO 00»HK3d 

in 

Q 

*o 

< 

i- 

in 

x m *4»oiocor*r*a3inro 

o 

ooooooooo 

o 

< 

CO 

1 

UJ 

» ‘ 

>Ninmininn®inu)in 

UJ 

o . 

♦ 

1 UI 

• 

LL 

-*4 

t— ! 

X 



u. _i ye in 

U. 

Z 

© : 

U. 

o 

in ! 


u z 

co 

UJ 

H 

j 

nr oo o© k> cr in d 


*h co in © r- d cm ® 

to 

UI HI 





*40 •••<«•••• 

a 

LJ d CO in CO © 0*4*4 

CM 

j 




CM 1 

I ui m r* r* h^ © cm® o 

UI 

UM***«**«* 

• 

* 

to 

o 


co 

2 ®r H©®AO'rr© 

CO 

CL © in CM h© C\Jd® 

vO 

o >- 

© 

CL 1 

UJ 

to , 

> s dtnininmmminin 

X 

o©®® ®d d d d 

d 

CL UJ 

© 

\ j 

J 

in 

r- 

< 

UJ 


\ J 

d 

o 

z 

• ' 

u. 

o 

D 


o z 

• 

CL 

►4 

«H ; 

d © %o © o©r 


MOCMAJCOvOmDOAICO 

a. ;**• 

*4 




o * • •••♦*•• 


U®®AdU)®®® 

© 

| 




© 

cm uj d d in © co mcMdr* 

z 


• 


© 

o j 

h- 

A| 

i in j©© .irr..)®© 


cr r <o © «o r — 

r* 

o r- 

Aj 

y~ i 

u 

d : 

> xintninin-nintninm 

D 

o vo in in d d ddd 

d 

K- UJ 

d 

\ 1 

-1 

H 

r- 

Ii 

r- 

lj ; 


\ J 

r-» T- 

*4 


*h© d cm r* co r* <m m 
o **•*•*•*• 
«h lj dr-r* o h ® r ® © 
i i/i®® ©dorr®© 

>\cococo<x)corA.rf* 

K— 

Ll 

coco in co cm ■n o © c\j 
cm ©o® ®r® NWO 
I ©A d w® 4nr d 

*-4 ©© o cm d r* © © o 

QZ *4WCVC\JAJCMcmCM/0 

►4 

— « m rj A © ® d © ® 

«h ©® ® ©co wr d h 
l ©m , od^4©©'Do 

< ••••••••« 

►4 r®A Hd®®Ao 

QZ »4 ^4 ^4 CM AJ CM CM AJ K3 


< CmO'nOOO'r>Ocn 

.-.^nuir-oaos© 

o. 


vO © K3 

lj *4 r* © 


o po dr © © 
©® © A O ® 


U J » • 

Z CL *4 -4 -H 

►4 O 

UJ 

3 


i *nr* co *h cm co 


W m Dd © o 
u 3 cm <o in vO r- 


© © h co cj r 

» W® (M HH A 


CL CO O AJ 
O 
UJ 
Q 

D©d 

ui in r* cm 

u • • • •• • 

Kd©d tO'O 'O© oo 

ID , HH 

uj : 

o 

© r* r- 

uj© o © 


OCM 
CL V- Ui AJ 

cl uj in • 

O J\® 
O Z XvO 
S HI CD *4 


£L I- ♦ 

□c uj ir 

O _J lL-D 
O Z CLIO 

z *-» r* 


MHHfld fO 


• < CiA>O'noO0'AO'A 
D* --ninhoCCvA 
C © 


241 


APPENDIX G 


BLADE ELEMENT AND OVERALL PERFORMANCE 
TIP-RADIAL DISTORTION 

(FOR TABLE HEADINGS SEE APPENDIX D) 

Table XVII Nominal Stator, Solid Casing 
Table XVIII Nominal Stator, Treated Casing 



Table XVlI(a) Performance with Tip Radial Distortion, Nominal Stator, Solid Casing 
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MCORR wcoRR To/TO Po/PO EfF-AD EFF-P 
INLET INLET INLET INLET INLET INLET 

HPM ' LOM/SEC* * % " 

5929. .H6.65' 1.0884 1.3022 88.73 88.94 



Table XVII(a) Performance with Tip Radial Distortion, Nominal Stator, Solid Casing 
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NCORR WCoRR To/to PO/PO EPF- AD~EFF-P 
INLET INLET INLET INLET INLET INLET 
RPM ChM/SEC r % % 

5927 , .1L5.SU 1.0887 .1.3028 88.60 88.82 
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Table XVII(b) Performance with Tip Radial Distortion, Nominal Stator, Solid Casing 
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Table XVIII(a) Performance with Tip Radial Distortion, Nominal Stator, Treated Casing 
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Table XVIII(b) Performance with Tip Radial Distortion, Nominal Stator, Treated Casing 
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APPENDIX H 


BLADE ELEMENT AND OVERALL PERFORMANCE 
HUB-RADIAL DISTORTION 

(FOR TABLE HEADINGS SEE APPENDIX D) 


Table XIX Nominal Stator, Solid Casing 
Table XX 10° Closed Stator, Solid Casing 

Table XXI Nominal Stator, Treated Casing 
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Table XX Performance with Hub Radial Distortion, 10° Closed Stator, Solid Casing 
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NCO«R WCORR TO/TO PO/PO EFF-AD EFF-P 
INLET INLET INLET INLET INLET INLET 

RPM - LTJK/SEC % * -• 

5927. 1 L 2.30 1.0807 1-2721 86.35 f 88.47 
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APPENDIX I 


FLOW DISTRIBUTION AND OVERALL PERFORMANCE 
CIRCUMFERENTIAL DISTORTION 


Table XXII 
Table XXIII 
Table XXIV 
Table XXV 
Table XXVI 
Table XXVII 
Table XXVIII 


Rotor Inlet, Nominal Stator, Solid Casing 
Rotor Inlet, 10° Closed Stator, Solid Casing 
Rotor Inlet, Nominal Stator, Treated Casing 
Stator Discharge, Nominal Stator, Solid Casing 
Stator Discharge, 10° Closed Stator, Solid Casing 
Stator Discharge, Nominal Stator, Treated Casing 
Stage Overall Performance 


Table XXII Flow Distributions at Rotor Inlet for Circumferential Distortion, Nominal Stator, Solid Casing 

Disk Probe Station li 8056 Speed W N0/S <■ lb7. 93 lb/sec 
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Table XXII Flow Distributions at Rotor Inlet for Circumferential Distortion, Nominal Stator, Solid Casing 
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1) Test environment: P 0 = 2012 psfa, T 0 ■ 5l8*6°R 

2) Vm calculation is based on standard -day inlet -plenum conditions 

3) Circumferential reference position is TDC looking aft 
lj) Screen position: J?5° -Ub5° 

5 )/$°^ » tan -1 (tan^/cosf] 



Table XXII Flow Distributions at Rotor Inlet for Circumferential Distortion, Nominal Stator, Solid Casing 

Disk Probe Station Ij 80J{ Speed W H0A * 128.53 lb/sec 
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1) Test environment: P 0 s 202k psfa, T 0 ■ 5l8.2°R 

2) Vm calculation is based on standard-day inlet -plenum conditions 

3) Circumferential reference position is TDC looking aft 

k) Screen position: -1 k5° 

5)^ a k o tan* 1 [lan/^/cosf] 



Table XXII Flow Distributions at Rotor Inlet for Circumferential Distortion, Nominal Stator, Solid Casing 

Disk Probe Station it 90% Speed W ^lQ/S = l6£. 67 lb/sec 
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3) Circumferential reference position is TDC looking aft 
it) Screen position: 55 0 -lit3>° 
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Table XXII Flow Distributions at Rotor Inlet for Circumferential Distortion, Nominal Stator, Solid Casing 
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Table XXII Flow Distributions at Rotor Inlet for Circumferential Distortion, Nominal Stator, Solid Casing 
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1) Test environment! P Q ■ 1993 psfa, T = 529. 3°R 

2) Vm calculation is based on standard-day inlet-plenum conditions 

3) Circumferential reference psoition is TDC looking aft 
h) Screen position: 55° -1^5° 
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Table XXII Flow Distributions at Rotor Inlet for Circumferential Distortion, Nominal Stator, Solid Casing 
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Table XXII Flow Distributions at Rotor Inlet for Circumferential Distortion, Nominal Stator, Solid Casing 

Disk Probe Station li 95% Speed W N©/? = 161.23 lb/see 
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3) Circumferential reference position is TDC looking aft 
h) Screen position: 5$°-lh5° 
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Table XXII Flow Distributions at Rotor Inlet for Circumferential Distortion, Nominal Stator, Solid Casing 
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Table XXIII Flow Distributions at Rotor Inlet for Circumferential Distortion, 10 Degree Closed Stator, Solid Casing 
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Table XXIII Flow Distributions at Rotor Inlet for Circumferential Distortion, 10 Degree Closed Stator, Solid Casing 
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Table XXIII Flow Distributions at Rotor Inlet for Circumferential Distortion, 10 Degree Closed Stator, Solid Casing 
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Table XXIV Flow Distributions of Rotor Inlet for Circumferential Distortion, Nominal Stator, Treated Casing 
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Table XXIV Flow Distributions of Rotor Inlet for Circumferential Distortion, Nominal Stator, Treated Casing 
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Table XXIV Flow Distributions of Rotor Inlet for Circumferential Distortion, Nominal Stator, Treated Casing 
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3) Circumferential reference position is TDC looking aft 
li) Screen position: j?5° -lliS° 
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Table XXIV Flow Distributions of Rotor Inlet for Circumferential Distortion, Nominal Stator, Treated CAsing 
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2) Vra calculation is based on standard -aay inlet -plenum conditions 

3) Circumferential reference position is TDC looking aft 
b) Screen position i 5#° -1^5° 

° tan” 1 [tan^/co^] 



Table XXIV Flow Distributions of Rotor Inlet for Circumferential Distortion, Nominal Stator, Treated Casing 
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Table XXV Flow Distribution at Stator Discharge for Circumferential Distortion, Nominal Stator, Solid Casing 

Combination Probe Station 13 8C$> Speed W "'J &/S = 147.88 lb/aec 
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lj Test environment: P 0 » 1989 psfa, T 0 ** 520. 2°R 

‘2; Vm calculation is based on standard-day inlet-plenum conditions 
3) Circumferential reference position is TDC looking aft 
Screen position: 55° -1^5° 

5)^13 » tan -3 - [tan ^ 3 / 0036 ] 
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1) Test environment: P Q s 2012 psfa, T 0 5l8.6°R 

2) Vm calculation is based on standard-day inlet-plenum conditions 

3) Circumferential reference position is TDC looking aft 

4) Screen position: 5jj°-i45° 

5 )/? 13 » tan' 1 (tan ^ 3 /cos^] 


Table XXV Flow Distribution at Stator Discharge for Circumferential Distortion, Nominal Stator, Solid Casing 
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Table XXV Flow Distribution at Stator Discharge for Circumferential Distortion, Nominal Stator, Solid Casing 
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Table XXV Flow Distribution at Stator Discharge for Circumferential Distortion, Nominal Stator, Solid Casing 
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Table XXV Flow Distribution at Stator Discharge for Circumferential Distortion, Nominal Stator, Solid Casing 
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1) Test environment: P 0 = 1993 psfa, T 0 = 529. 3°R 

2) Vm calculation is based on standard-day Inlet-plenum conditions 

3) Circumferential reference position is TDC looking aft 

h) Screen position: 55°-iii5° 

5)^3 « tan-1 ]tan / ^ 1 3/cosd] 



Table XXV Flow Distribution at Stator Discharge for Circumferential Distortion, Nominal Stator, Solid Casing 
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Table XXV Flow Distribution at Stator Discharge for Circumferential Distortion, Nominal Stator, Solid Casing 
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Table XXV Flow Distribution at Stator Discharge for Circumferential Distortion, Nominal Stator, Solid Casing 
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1) Test environment: P Q « 1991 psfa, T 0 » 522. 4° R 

2) Vn calculation is "based on standard-day inlet-plenum conditions 

3) Circumferential reference position is TDC looking aft 

4 ) Screen position: 55 ° - 145 ° _ 

5) ^3 » tan" 1 [tan ^3/costf] 
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1) Test environment: P 0 ° 1973 psfa, T 0 = 522*5°R 

2) Vm calculation is based on standard-day inlet-plenum conditions 

3) Circumferential reference position is TDC looking aft 
li) Screen position: 51° -lb5° 

S)y8 ■ tan -1 [tan 13/cos fj 
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3) Circumferential reference position is TDC looking aft 
I 4 ) Screen position: 55° -1^5° 

5) /$13 ° tan~l (tan /?i 3 /cos fl 
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1) Test environment: P Q ° 1995 psfa, T 0 a 520 o ii°R 

2) Vm calculation is based on standard day inlet-plenum conditions 

3 ) Circumferential reference position is TDC looking aft 
h) Screen position : 55°-lh5° 

5) /?13 “ tan * 1 [tan ^ 13 /cos^] 


Table XXVII Flow Distribution at Stator Discharge for Circumferential Distortion, Nominal Stator, Treated Casing 


vo r-i p- o r-vo vo H'm 


cocococo p-vo no vo un p- 


co nwN'O w hH'Oh 


p- cm-jvo -zt Os r-co on rH 


tAOOOvHO n n f\l Os 

• *«••••»»« 

nOOOMHWOvOsHO 
On On Ov CO On On CO co Os On 


vo rHlr\0\CV HlAe~vO O 

vOcoo\osg ow nno 

CNOnOnOnOOOOOO 


vo p-_^tun_u p- o O C non 

H CM nj^lACO OncO 
On On On On On On On On On On 


P-OHvO_=rcMHvOCMP- 

C'-CO H CM UN r— o 1 

CO CO On On On On O < 


niACO UN-^tUN O On co O 
niAVNCVJ CO VO P- vO UN O 
PjCVHMWHHHHHW 

HrlrlHHHHHHH 


I H H rl rl rl H i 


<T>CO On H tAOO -cjvo On O 
'OOHH UNUN-U WCO t- 
CM ON ON ON CM CM CM CM rH CM 

rHHHHHHHHHH 


nt^CMvO J J H rH CO nO 
CM On r r-H vO jHCMtA^^I 

co Nr-S-vo sqococo r- 
oooooooooo 


On O vO On vO UN CM on O UN 
IAONH JHNHHO 

O n On CO co p- r- p- co co co 

OOOOOOOOOO 


UN-3 0\-=TCD CO CM On vO CM 
hjqH'Soonwcmco 
O O O On C — CO CO OnOnCO 
HHHOOOOOOO 

HHHrHHHHHHH 


On fn <M vO H CM vO -3 CO P- 

(MNQaDb-r»not“f- 

vo VO VO UN UN UN UN UN -=T UN 


XAOnCM JOn JtAVNH CM 
HO CN\nP--3COtnH O 
COQO C^P-\0'O lAtritAr- 


fc\vO ON rH P- UN P- ON CM UN 
O CM CO O Pr CM OnIAH 
COCO C — C — P~vO VO lf\lA p- 


GO On UN ON CO P- vO - 


JlAtAJ CN U\ ON ON no vO 


H -On cm -= f cm no unco On 


-J ON co _U P- [ — rH UN ON P- 
OnH (V JvOP-QO OtA 
CO OnOnOnOnOnOO O On 


P-CM UN P-UNVO On CO UN On 
CO O CM ON ON -CJ P-QO CO ON 
COOnOnOnOnOnOnOnOnOn 


— ^ ON UN On CM ON rH O P-vo 
P- On CO C — C — P— CO P- UN P- 
HHHHHHHHHi— I 


UN On vO CM -O UN UN ON UN -3 
OnJCNOCJCOOnCMCM on 
P~ P~ VO P-CO CO On o O CO 
OOOOOOOrHHO 


CM-CJVOVO CM -CT CM UN ON O 
CO OOOJW O CO UN UN 
CM ON ON CM CM CM CM H H CM 

HHHHHHHHHH 

8 -=rvO CM t H CM C UN on 
UN on O ON CM vO On ON CO 
On CO CO QO C — C — P — P- P- P— 
OOOOOOOOOO 


CMONCMCMCMCMPJHHCM 


CM ao UN VO ON On CM CM —3 
O O On CO P-P-P-COCOCO 
HHOOOOOOOO 

r-i r-i r-i r-\ H'H H H H 


g I UN On ON 1^* On On -O O -3 VO 


CM CM O vO CM On —3 CM P-UN 
U\~3 ON ON UN CM CO -O CM v£ 
C — C — ( — nO vO vO UN UN UN vO 


COOOonOCMOoNOnOn 
O cOP-JOPHflO ON O 
CO P- P- P- P- vo VO UN UN p- 


ONCO CO CO vO H O O ON un 


—3 On CM on CM co OOUNH 


CM CO P- on P- ON O On CO O 


C O On On on P— ao P--3 ON 
H-r-CJU\vO vo On Q O vO 
OnOnOnOnOnOvOnO O On 


On i— l On UN t" — C UN CM CM O 
ON CM CM fAfNJPCOCO-3 
COOnOnOnOnOnOnOnOnOn 


rlOJ CM CM CVJ CM CM CM CM CM 


OUNONONOUNC^NCO cm p- 
fAPjtOHO'O On On P 
On CQ CO P- P- P- P- P- P- P- 

OOOOOOOOOO 


HHHHHHHHHH 


) vO UN On CM H on 


HHHHHHHHHH 


UNUJ P- On UN-3T ON ON vO* UN 
O CM CM CM CQ -3 ON VO CM P- 
P-P-P-P-vOvO UN UN UN vO 


CQ tA_J ON CM CM UN ON On CO 
nO U\ on On —3 Q vO —3 On UN 
P- P- P-nO VO NO UN UN-3 vO 


ON_=J OCMvOvOHOOCO 
UN ON CM POPOPJCM 
COCOCO C — C — nO nO unun p- 


nO ON P--U POJPCM J 


On CO CO CO P-CM ONUTCO CM 


On On On On CO CO C— vO O CO 


OnOnOnOnOnOnOnO O On 


O On On UN -it P- O CM CM On 
CM ON UN P— COCO CM CM CNI P- 
On On On On On On O O O On 


OQOJOP on nO O CO 
CO O H on UN vO 0004 
CO ON On Os CN On O O O On 


H HHHHHHHHH 


CMCMCMCMCMCMCMHHCM 

HHHHHHHHHH 


HHHHHHHHHH 


vO Q UN t — ON Ov C — O vO NO 
OvOOffl JHP-riO(A 


-OHcO-UP-ONCMvOvO CM 
CO CO P- P-vO VOPPPP 
OOOOOOOOOO 


HHHHHHHHHH 


HHHHHHHHHH 


id S M d 

• H Oh ■ — ' 

I o 01 UN O UNO O O UNO UN C 
> (U W. H H PN UN t 03 On On 5 


UNOUNOOOUNOUNf 
H H ON IA P-CO On CN 5 


310 


Table XXVII Flow Distribution at Stator Discharge for Circumferential Distortion, Nominal Stator, Treated Casing 
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1) Test environment: P 0 » 20^3 psfa, T 0 *= 528 0 1°R 

2) Vm calculation is based on standard day inlet-plenum conditions 

3) Circumferential reference position is TDC looking aft 

li) Screen position: 55 ° ~XU5 0 

5) ^13 * tan* 1 [tan /^13/cosf] 
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1) Test environment: P 0 ■ 2026 pafa, T 0 - 5lQ«k°R 

2; Vm calculation is based on standard day inlet-plenum conditions 

3) Circumferential reference position is TDC looking aft 

b) Screen position : 55°-lb5° 

5) ^13 * tan” 1 [}an /^ 13 /cosc] 


Table XXVII Flow Distribution at Stator Discharge for Circumferential Distortion, Nominal Stator, Treated Casing 
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1) Test environment: P 0 « 1950 pafa, T 0 ■ 523,6°R 

2) Vm calculation is based on standard day inlet-plenum conditions 

3) Circumferential reference position is TDC looking aft 
h) Screen position: 55°-lU5° 

5 ) /^13 " tan -1 [tan 3 /cose] 
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Table XXVII Flow Distribution at Stator Discharge for Circumferential Distortion, Nominal Stator, Treated Casing 
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1) Test environment: P 0 ° 1995 psfa, T 0 • 521*6°R 

2) Vm calculation is based on standard day inlet plenum conditions 

3) Circumferential reference position is TDC looking aft 

ii) Screen position: 55°-m5° 

5) /^13 ° tan" 1 [tan/^ycose] 



TABLE XXVIII 

STAGE OVERALL PERFORMANCE FOR INLET CIRCUMFERTIAL DISTORTION 

WV0/8 

Configuration % Speed (lb/sec) P13/P4 r? T13/T4 


Solid Casing 

80 

147.88 

1.2870 

90.5 

1.0827 

- Nominal Stator 

80 

137.95 

1.2940 

89.9 

1.0852 


80 

128.53 

1.2945 

86.7 

1.0884 


90 

165.67 

1. 3690 

89.3 

1.1052 


90 

154.67 

1.3820 

88.6 

1.1095 


90 

143.2 

1.3820 

85.7 

1. 1131 


95 

173.11 

1.4113 

88.4 

1.1172 


95 

161.23 

1.4300 

88.1 

1.1222 


95 

148.59 

1.4280 

84.7 

1.1265 


Solid Casing 

95 

161.15 

1.3976 

82.1 

1.1224 

- Stator 10° Closed 

95 

154.14 

1.4310 

86.2 

1.1252 


95 

148.11 

1.4400 

85.9 

1.1279 


Casing Treatment 

80 

147.67 

1.2840 

89.5 

1.0828 

- Nominal Stator 

80 

116.09 

1.2886 

80.7 

1.0933 


90 

132.61 

1.3764 

80.8 

1.1184 


95 

172.53 

1.4058 

85.7 

1.H93 


95 

155.66 

1.4272 

85.6 

1.1251 


95 

143.24 

1.4232 

82.5 

1.1287 
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APPENDIX J 
STALL WEIGHT FLOWS 

Table XXIX Summary of Stall Weight Flows 
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SUMMARY OF STALL WEIGHT FLOWS (Ib/sec) 
UNIFORM INLET FLOW 
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APPENDIX K 

BROADBAND SOUND PRESSURE LEVELS AND SOUND POWER LEVELS 
FOR ONE-THIRD OCTAVE BAND 


Table XXX 
Table XXXI 
Table XXXII 


Nominal Stator, Solid Casing 
10° Closed Stator, Solid Casing 
Nominal Stator, Treated Casing 
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Table XXX(a) 

ONE -THIRD -OCTAVE BROADBAND SOUND PRESSURE I£VELS (dB 0.0002 DYKES/CM 2 ) 
NOMINAL STATOR SETTING 
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Table XXXII(a) 

ONE -THIRD- OCTAVE BROADBAND SOUND PRESSURE LEVEIS (dB 0.0002 DYNES/CM 2 ) 
ROTOR TIP CASING TREATMENT (NOMINAL STATOR SETTING) 
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